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INTRODUCTION

Harsh, Ottawa

FREDERICK G. KERGIN
The papers in this issue of The Canadian Journal o f Surgery were prepared
by members of the Kergin Surgical Society as a tribute to Frederick G. Kergin.
The members of the Society, which presently numbers some 85 individuals, were
surgical residents in Toronto during Dr. Kergin’s period of office as Chairman of
the Department of Surgery at the University of Toronto. Since its inception, the
Society has met annually and continues to flourish with the enthusiastic par
ticipation and support of Dr. Kergin and his wife, Suzanne.
Frederick Kergin’s many achievements reflect a brilliant career as a clini
cian and medical educator. He was the youngest son of a doctor’s family in Brit
ish Columbia and entered university in Toronto at 16 years of age, graduating
from medical school in 1930. Following graduation, he was awarded a Rhodes
Scholarship which provided two years of special surgical studies in Oxford. Dur
ing this time he satisfied the requirements for admission to The Royal College of
Surgeons of England. He returned to the Department of Surgery in Toronto, then
under the chairmanship of Edward Gallie, as a member of an illustrious surgical
division which was staffed at that time by Norman Shenstone, Gordon Murray
and Robert Janes. His academic career was interrupted by World War II ; be
tween 1939 and 1945 he was on active duty with the 15th General Hospital in
England and Africa, and held the rank of Lieutenant-Colonel.
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At the end of the War he returned to the Department of Surgery in Toronto,
and up until his retirement from the University in 1972 his career was an
uninterrupted sequence of honours and achievements. In 1957, he was appointed
Chairman of the Department of Surgery and Chief Surgeon at Toronto General
Hospital. He retired from this position in 1966 to become Associate Dean in
charge of clinical affairs at the University. In this latter capacity, Dr. Kergin
played a key role in the development of Sunnybrook Hospital to its present status
as a full-time university institution. During these years he was active on the exec
utive committees of many national and international surgical societies, played an
active and significant role in The Royal College of Physicians and Surgeons of
Canada, became President of the American Association for Thoracic Surgery and
was a Hunterian Professor. In addition to many other responsibilities, he de
voted a great deal of time and energy to The Canadian Journal of Surgery in
his capacity as Chairman of the Editorial Board between 1965 and 1972.
While the above remarks pay tribute to his many talents, no such account can
reflect the special pleasure and remarkably stimulating experience enjoyed by
those of us fortunate enough to have worked with Dr. Kergin as his residents.
Without doubt he derived greatest pleasure from his role as a teacher, and was
both selfless and tireless in the effort to assist students of surgery in under
standing their specialty and in the development of their careers. On first acquaint
ance Dr. Kergin may have presented a slightly forbidding image to many of us,
but it was soon evident that he was utterly devoted to the support of his indivi
dual trainees, and the attainment of the highest possible quality of surgical prac
tice among his graduates. He is a superb, indeed uncanny, clinician and has never
lost the enthusiasm, which is usually attributed to youth, for a new idea and for
the pursuit of solutions to a problem. His broad interests include a great love
of nature and the outdoors and have been shared freely with those who worked
with him.
The associations which members of this Society have enjoyed with Frederick
Kergin have profoundly influenced the careers of many of us. The contents of this
issue reflect the diversity of stimulus and interest afforded by that association.
R. J. B aird
F. G. P earson

Kergin Surgical Society
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HUMAN HEART TRANSPLANTATION*
J. K. Y. YAO, M.D., F .R .C .S.[C ], Toronto, Ont.

of the human heart the neck of a large one. The transplanted
has become an acceptable palliative heart survived 21 minutes.
procedure in some centres.1"3 The num
Almost 30 years later, Mann et
ber of long-term survivors is small, yet al.s reported a canine heart transplant
some patients are alive nearly four with provision for perfusion of the
years after the operation.4 At the time coronary arteries. This transplant re
of writing, a total of 191 heart trans cipient survived eight days, death being
plantations have been performed and attributed to rejection. In 1948, Sinit
29 patients survive. However, it must syn9 and in 1953, Marcus, Wong and
be noted that 56 of these patients died Luisada10 modified the Mann technique
within one week of operation, this by providing a workload for the left
mortality being attributable most likely venticle. Demichov11 devised an intrato technical factors or inappropriate thoracic implant of heart and lung
patient selection. Most long-term sur where the recipient’s heart continued to
vivors lead a relatively normal produc supply the upper half of the body while
the donor organ supplied the lower. The
tive life.
With the announcement of the first graft lived 32 days.
Up to that point all transplants were
successful human heart transplanta
tion on December 3, 19671 much pub heterotopic, that is, outside the peri
licity and controversy were generated. cardial cavity—in the neck, abdomen
A number of centres embarked on a or chest. In 1958 Goldberg, Berman
program of transplantation. Because and Akman5 performed a series of
of the controversy and emotional fer orthotopic heart transplantations. Sur
vour during this period, it was difficult vival ranged from 21 to 117 minutes.
to assess the true role of heart trans Webb and Howard12 in a similar experi
plantation in the total management of ment emphasized preservation of the
end-stage cardiac disease. Since that donor organ in a refrigerated nutrient
time emotions have tempered somewhat and obtained 7t/2-hour survivors. Lower
and one can now make an evaluation and Shumway13 reported in 1960 the
survival of dogs for 21 days after heart
in broader perspective.
transplantation when they used the
H is t o r ic a l R e v i e w 5- 6
Goldberg technique modified by leaving
In the third century B.C. an hon in place the posterior atrial wall of the
oured and cultured Chinese physician, recipient. This allowed a shorter oper
Pien Ch’iao, drugged two soldiers, ating time and preservation of atrioopened their chests and switched caval baroreceptors. Reemtsma et al.,14
hearts.6 Upon awakening three days in 1962, were the first to use immu
later, the soldiers resumed their usual nologic suppression (methotrexate and
activities and lived happily ever after. azathioprine) following transplanta
Although one may approach this ac tion.
count with reasoned scepticism, the old
The first heart transplant on a hu
reference does show that at least the man being was performed by Hardy
idea of transplanting human hearts is et al.1* in 1964. They implanted the
not new.
heart of a chimpanzee into the chest of
A more factual report originates a 68-year-old man suffering from ter
from Carrel and Guthrie7 who, in 1905, minal coronary artery disease. The
grafted the heart of a small dog into implant failed within a few hours,
death being attributed to overload of
*From the Division of Cardiovascular Sur
the relatively small chimpanzee heart.
gery, University of Toronto, and St. Michael’s
Hospital, Toronto, Ont.
On December 3, 1967, Barnard per
Supported in part by the Ontario Heart Foun
formed the first successful human aliodation.
T r a n p l a n t a t io n
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transplant; 55-year-old Louis Wash- apparently healthy, a coronary arterio
kansky received the heart of a 24-year- gram is performed before acceptance.
old girl. He died of pneumonia 18 days A past history is obtained from a rela
later. Excessive immunosuppression, tive. Electrocardiogram and chest ra
including cobalt total body irradiation, diograph are performed regardless of
may have been responsible. The use of age. The weight difference between
antilymphocyte globulin in heart trans donor and recipient should not exceed
plant patients was pioneered by Cooley,16 25%. Criteria for cerebral death as de
who also performed the first human termined by current medical consensus
heart-lung transplantation.
is verified by an independent donor
committee
consisting of a neurologist,
Criteria for R ecipient Selection
neurosurgeon, cardiologist and anesthe
Everyone agrees that, since heart tist, none being a member of the trans
transplantation is a procedure of high plantation team. For the present we
risk and essentially palliative nature, have adopted the definition of irrever
the recipient must be near the end- sible coma as proposed by the Ad Hoc
stage of his cardiac condition so that Committee of the Harvard Medical
no alternative surgical or medical meas School.19 These criteria are (1) un
ures would be of benefit.2' 3' 16' 17 Hence receptivity and unresponsiveness, (2) no
patients who might benefit from direct movement or breathing, (3) no reflexes,
or indirect myocardial revasculariza and (4) flat electroencephalogram.
tion, aneurysmectofny or infarctectomy These conditions must persist over a
must be excluded. End-stage cardiac 24-hour period. The validity of these
disease may be the result of coronary criteria is dependent upon the exclusion
arteriosclerosis, cardiomyopathy, mul of (a) hypothermia, i.e. 32.2° C. or
tiple valvular disease with severe myo lower, and (b) the use of central nerv
cardial dysfunction or complex conge ous system depressants such as barbi
nital heart disease not amenable to turates.
surgical correction or other palliative
The typical donor is a victim of sud
measure. All patients are fully inves den intracranial catastrophe, such as
tigated. Any infection is an absolute trauma or spontaneous hemorrhage.
contraindication. Investigation of the After a declaration of cerebral death
cardiac status should include cardiac is made by the donor committee the
catheterization, left ventriculography supportive care of the donor is trans
and coronary angiography. Pulmonary ferred to the transplantation team. It
vascular resistance in excess of five may be necessary at this point to ad
units is an absolute contraindication. minister intravenous fluids and vaso
It is preferred that the prospective pressor medication.20
recipient be less than 60 years old,
H istocompatibility
judged on the basis of physiologic
rather than chronologic age.
In all cases the ABO blood groups
A social and psychologic examination must be compatible and no pre-formed
is recommended to assess the patient’s antibodies21' 22 must be present as deter
ability to co-operate after operation.18 mined by a direct cross-match of the
Potential recipients are submitted for recipient serum with the donor lympho
final assessment by a transplantation cytes.
committee consisting of cardiologists,
There is, however, considerable con
cardiovascular surgeons, immunologists, troversy regarding the importance of
radiologists, anesthetists and psychia HL-A histocompatibility.16' 17>23- 24 In the
trists.
experience of Shumway et aZ.25 there is
no
consistent correlation between sur
Criteria for Donor Selection
vival of the patient and the degree of
The preferred age of a prospective histocompatibility as determined by
donor is under 35 years. If over 35 and present matching techniques.
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S urgical T e c h n iq u e

The operations on the donor and reci
pient take place in adjoining rooms.
The donor heart is excised through a
median sternotomy by transecting the
ligated superior vena cava and the in
ferior vena cava. The pulmonary veins
are divided at the level of the atrium.
As much of the aorta and pulmonary
artery is preserved as is practical.
The heart may or may not be cooled.
Coronary arteries may or may not be
perfused. In our own experience no
cooling or perfusion was used. The
right atrium is opened by an incision
extending from the inferior vena cava
toward the right atrial appendage. The
left atrium is opened by an incision
connecting the four pulmonary orifices
and the irregular edges are excised.
Concurrently the recipient is placed on
cardiopulmonary bypass with caval
catheters inserted through purse-string
sutures placed as far posteriorly as
feasible. Caval tape tourniquets are
applied to be tightened later. The
ascending aorta or the femoral artery
may be used for arterial perfusion. The
trimmed donor heart is attached in
place by suturing the free walls of the
atria and interatrial septum and then
the pulmonary artery and aorta are
anastomosed. All air must be aspirated
from the heart. After coronary perfu
sion commences the heart may beat
spontaneously; if not, defibrillation is
carried out. A temporary epicardial
electrode is sutured into the anterior
wall of the right ventricle and the chest
closed in the usual fashion.
P ostoperative C are

The patient is transferred directly to
a specially prepared isolation suite in
the Intensive Care Unit, where he re
mains for three weeks. Daily electro
cardiograms, chest radiographs, hema
tologic profiles and serum chemistry
are performed. Blood, sputum, urine
and skin cultures are obtained twice
weekly. Prophylactic antibodies are
administered for five days.
In the absence of complications the

patient should be able to leave the hos
pital at the end of six weeks.
D iagnosis

of

R e je c t io n

One of the most important recent
developments is the ability to recognize
and treat episodes of acute rejection.
The more specific signs are gallop
sounds, decreased blood pressure, de
creased precordial impulse and signs
of pericarditis. Less specifically, there
may be fever, malaise, loss of appetite
and decreased exercise tolerance. Electrocardiographically there is usually a
decrease in the QRS voltage, left axis
shift, arrhythmias and T wave and ST
depression. Decrease in QRS voltage
may be the most important single sign
of early rejection.26 The chest radio
graph may reveal an increase in car
diac size or pericardial effusion. Oc
casionally small pleural effusions may
be present. Serum enzymes show eleva
tion of the SGOT and LDH (particu
larly L D H i).1627 The sedimentation
rate and leukocyte count may rise.
There may be a decrease in platelet
count, increased platelet adhesiveness,
increased intravascular clotting and
changes in the morphology of red cells.
Ultrasound echocardiography may show
increased thickness of the left ventri
cular wall and increased right ventri
cular diameter.28 The cardiac output
drops significantly only in the later
stages of rejection.
I m m uno su ppressive

T herapy

Prednisone and azathioprine are the
mainstay of long-term immunosuppres
sion. Prednisone, 100 mg. and azathio
prine, 4 m g./kg. body weight, are begun
intravenously four hours before opera
tion. These are decreased gradually over
a period of six weeks to a maintenance
dose of prednisone 15 to 20 mg. and
azathioprine 150 to 200 mg. daily, An
tilymphocyte globulin is advocated by
most authors.16' 26
If acute rejection occurs, in addition
to increased doses of the drugs men
tioned above, ancillary drugs such as
heparin, actinomycin C or D and cyclo
phosphamide may be used.
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Complications of
I mmunosuppressive D rugs

The most serious complication of im
munosuppression is the increased sus
ceptibility to infection.29, 30 Less common
are bone marrow depression, hepatic
necrosis and biliary stasis. Gastroin
testinal complications include duodenal
or gastric ulcer with the danger of
perforation or hemorrhage and the less
important symptoms of nausea, vomit
ing and diarrhea. The increased sus
ceptibility to the development of malig
nant tumours is being studied. Long
term use of prednisone may produce
musculoskeletal complications such as
osteoporosis, aseptic necrosis and mus
cle wasting.

A llograft P athology
Acute rejection is characterized by
an outpouring of edema fluid associ
ated with a perivascular and interstitial
infiltration of mononuclear cells. Vas
cular changes include swelling of the
endothelial lining with or without
fibrin deposition. The myocardium, on
gross examination, appears thickened,
reddened and rubbery.
In chronic rejection the main change
is obliterative intimal proliferation.
Focal fibrotic areas may be seen which
represent old necrotic lesions.31,32

Rehabilitation and L ong-T erm
F unction
In the world experience there are,
at the time of writing, 10 patients sur
viving more than three years, five for
more than two years, six for more than
one year, and eight surviving less than
one year.4 The majority of these pa
tients lead full and active lives. A few
of them have had cardiac catheterization"-37 and Were found to have normal
intracardiac pressures and cardiac out
puts. Their response to exercise was
similar to that of experimentally denervated hearts in animals.33, 35, 37

Case R eports
Case 1.— C.P.J., a 54-year-old man, had
his transplantation on November 17, 1968.37

Vol. 16

He had suffered several attacks of myo
cardial infarction, the first in June 1957.
At the time of assessment he was severely
limited in his activity in spite of full
medical therapy including digitalis and
diuretics. The donor was a 17-year-old boy
who sustained irreversible brain damage.
Immunosuppression consisted o f azathioprine and prednisone. Antilymphocyte
globulin was given for four months.
The patient made an excellent recovery
after transplantation and was able to work
full time and enjoy life fully. Hemodynamic
studies five months after transplantation
showed excellent cardiac function with
normal cardiac output and intracardiac
pressures. His response to exercise was
also normal for a denervated heart. During
mild exercise there was an increase in
cardiac output from 5.7 l./min. to 9.1 1./
min. This was mainly the result of increase
in stroke volume without change in heart
rate. With more strenuous exercise the
cardiac output increased to 10.2 l./min.
This additional rise was due to an increase
in heart rate without further increase in
stroke volume. Pulmonary function studies
were carried out at regular intervals. An
obstructive ventilatory defect and consid
erable limitation of maximal breathing
capacity were demonstrated. These may
have been present before operation.
Three years after his transplantation
the patient was admitted to hospital for
investigation of moderate thrombocyto
penia and hyperbilirubinemia. At this time
he developed pneumonia and was critically
ill for about two months. Chest radio
graphs showed an interstitial infiltrate in
the right upper lobe (Fig. 1A). Treatment
was ineffective until a percutaneous aspira
tion biopsy of the lung identified Pseu
domonas aeruginosa as the organism re
sponsible. Thereupon he received carbenicillin and gentamicin and a two-week
course of pentamidine was given. Cavita
tion, followed by gradual clearing, occurred
in the affected lobe and antibiotics were
discontinued. A recurrence of the infection,
on this occasion in the left mid-lung,
responded to the same treatment (Fig.
IB ). Azathioprine and prednisone were
continued throughout the course. An out
standing feature was that his cardiac func
tion throughout this febrile course re
mained excellent. There was no evidence
of heart failure nor of rejection. The mild
hyperbilirubinemia disappeared; it was
not attributable to rapid turnover of red
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Fiff. 1.—Case 1. (A ) Roentgenogram demonstrated a cavitary lesion in the right upper lobe
and left pleural effusions masked associated parenchymal disease with volume loss in the left
lower lobe. (B) Following clinical resolution a few fibrotic residua remain in the right lung
apex and the left lower lobe. Note the unchanged Ghon lesion.

cells as the red cell survival time was
normal. A liver biopsy did not show the
abnormalities associated with azathioprine
therapy.
It is now over 3V2 years since the opera
tion and the patient is doing well.
Case 2.— E.M., a 51-year-old man, had
extensive myocardial infarction in 1963
and again in 1969. He was in gross heart
failure in spite of intensive medical treat
ment. Hemodynamic studies were carried
out. The left ventricular end-diastolic
pressure was 24 mm. Hg and the pul
monary artery pressure was 52/30 mm.
Hg with a mean of 37 mm. Hg. His cardiac
output was 3.8 l./min. The left ventricular
angiogram showed an enlarged and poorly
contractile left ventricle with a probable
aneurysm. Heart transplantation was per
formed on April 27, 1970. The donor was
a 14-year-old girl who developed irreversi
ble brain damage after head injury. The
recipient’s heart showed extensive fibrosis
of the myocardium with aneurysm of the
left ventricular apex (Fig. 2). On the tenth
postoperative day he had marked reduc
tion of platelet count, found to be due to
the antilymphocyte globulin he was receiv
ing. On discontinuing this treatment the
number of platelets promptly returned to
normal. A serous pericardial effusion de
veloped
which
drained
spontaneously

through the sternotomy. Culture of the
fluid was negative. Immunosuppressive
therapy consisted of azathioprine and
prednisone.
He returned to his full-time occupation
as a parish priest and also enjoyed his
leisure activities, including 18 holes of
golf. Eighteen months after operation he
developed jaundice. The hyperbilirubinemia
was associated with mild elevation of
alkaline phosphatase. Liver biopsy showed
changes compatible with azathioprine hepa
titis. The daily dose o f azathioprine was
reduced from 200 to 150 mg. with improve
ment of the jaundice.
About 19 months after operation, for a
period of about 12 hours, the patient felt
a heavy discomfort in the chest without
pain but with weakness o f both arms. Elec
trocardiogram the following day showed
anteroseptal infarction with typical en
zyme changes. There has been no further
recurrence and he has once again resumed
his usual activities. It is now more than
two years since the operation and the
patient is completely well.
Case 3.— R.S., a 56-year-old man, had
his first myocardial infarction in 1967 and
a second in January 1971. He was admitted
to hospital in April 1971 in congestive
heart failure and with cardiac cachexia.
He had been living a bed-to-bathroom exist-
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Fig. 2. Heart of Case 2 shows prominent aneurysmal dilatation of the left ventricle with
marked endothelial fibrosis.

ence and was gradually getting worse.
Cardiac catheterization showed pulmonary
artery pressure o f 75/37 mm. Hg with a
mean of 48 mm. Hg and left ventricular
pressure of 100/35-42 mm. Hg (end dias
tolic). The pulmonary vascular resistance
was 3.1 units and the cardiac output was
3.2 l./min. The coronary angiogram re
vealed complete occlusion of the right
coronary artery, 99% stenosis of the left
anterior descending coronary artery and
90% stenosis of the circumflex branches.
On a left ventricular angiogram two
aneurysms and mild mitral insufficiency
were demonstrated.
In spite o f intensive medical therapy
his condition deteriorated. He had right
pleural effusion with enlarged liver and
distended jugular veins, decrease in blood
pressure and an S3 and mitral insufficien
cy murmur on auscultation.
There was a history of duodenal ulcer
proved radiologically in 1967. A saddle
embolus at the aortic bifurcation had com
plicated the patient’s myocardial infarc
tion in 1971 and had been removed under
local anesthesia.
Heart transplantation was carried out

on December 20, 1971. The donor was a
17-year-old boy whose brain was irreversi
bly damaged in an accident. His immediate
postoperative
course
was
essentially
straightforward. He received prednisone
and azathioprine only since he was allergic
to horse serum. However, five weeks after
operation there was a sudden drop in the
QRS voltage. Hemolysis of an excessive
degree with reticulocytosis and presence
of fragmented red cells were also noted.
The patient was treated vigorously for
rejection with heparin, actinomycin C and
increased dosage of prednisone and aza
thioprine. The QRS voltage returned to
normal within a few days.
Probably as a result of the intensified
immunosuppression the patient developed
left-sided pneumonia. Chest radiographs
showed a left mid-lung infiltrate with
pleural reaction. A closed aspiration biopsy
of the lung yielded a culture of Klebsiella
and sputum cultures showed the same or
ganism. Treatment with ampicillin and
gentamicin was instituted and was effec
tive. A course of pentamidine was also
given prophylactically. Immunosuppressive
therapy was maintained throughout this
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Fig. 3.—Case 3. A t necropsy the heart looked grossly normal. (A ) There is evidence of
endothelialization of the aortic anastomosis. (B) Microscopically there is interstitial edema of
the myocardium with mononuclear cell infiltrate. (C) There is also moderate intimal fibrosis
of the coronary artery with narrowing of the lumen (van Gieson’s stain).

illness because of episodic cardiac I'ejection. At this time the patient had two
bouts of mild upper abdominal pain which
did not radiate and subsided within a few
hours. Three months after the operation a
fluctuant non-tender mass, which moved
with respiration, became palpable in the
right upper quadrant. An upper gastroin
testinal series revealed that an ulcer in
the region of the pylorus had perforated
with loculation of extraluminal barium. It
was felt that the perforation coincided with
the first bout of abdominal pain. Since the
process appeared well loculated and the
patient had practically no symptoms, opera
tion was deferred.
Within a week the patient had several
attacks of vomiting of coffee-brown ma
terial. There was no abdominal pain. His
mental state deteriorated rapidly and he
became confused and restless. He finally
went into shock and died despite intensive
management.
At autopsy the heart appeared grossly
normal (Fig. 3A). Microscopically there
was minimal cellular infiltration (Fig. 3B)

and moderate intimal thickening o f all
coronary arteries (Fig. 3C). The lungs
showed large areas of consolidation as well
as circumscribed nodules of aspergillus
(Fig. 4A and B). Cytomegalic inclusion
bodies were seen within the alveolar lining
cells (Fig. 4C). Klebsiella and Pseudomonas
were recovered from the pulmonary lesions
as well as from a large subhepatic abscess
which was thought to have originated from
the perforated ulcer.
D is c u s s io n

The controversy over whether heart
transplantation is justified will un
doubtedly rage for some years. As in
most questions of ethics, there is no
simple answer, certainly none that will
reconcile all points of view.
Our transplantation committee has
accepted 17 patients for transplanta
tion. Fourteen of these patients died
before a donor heart became available.
The average period of survival, while
awaiting transplantation, was four
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Fig. 4.—Left lung of Case 3. (A ) Extensive
left lower lobe and circumscribed nodules of
ga tu s stained with methenamine silver stain,
lining cells.

months. Shumway’s experience is even
more striking. Of 12 patients accepted
for transplantation, six were dead
within one month while awaiting a suit
able donor and the remainder within
three months.38 This illustrates that the
selection criteria for prospective reci
pients are well founded, that such pa
tients are inexorably close to demise.
It is probable that with additional
experience and new developments the
number of successful transplantations
will increase. It is unlikely, on the other
hand, that further improvements in
medical management alone could change
the outlook of these patients since large
portions of the myocardium are irre
versibly destroyed.
Twenty-nine patients in the world ex
perience are alive to date. Ten have
lived more than three years. As far as
we can ascertain, almost all of these
patients are living normally.
Survival rates are expected to im

prove in the near future. Valuable
lessons have been learned. Rejection
episodes are detected earlier and treated
more effectively. Selection of patients
can be improved further. The Stanford
University team have found that an
elevated pulmonary vascular resistance
(more than 5 units), cardiac disease
of longer than eight years’ duration and
a higher age group are collectively
inimical to successful transplantation.39
When patients within this category
were excluded from their statistics they
found that the survival rate was 75%
at the end of the first year and 60%
at the end of the second year.
In our small series of three patients
we have been fortunate in having one
patient survive 3
years, and one for
more than two years. Our third patient
succumbed to complications of immu
nosuppressive therapy at three months.
Ultimately these patients may best
be managed by the implantation of
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Dans certains centres specialises, la trans
plantation du coeur humain est eonsideree
comme une operation palliative acceptable.
L’auteur en brosse un bref tableau historique.
II rappelle brievement les criteres admis pour
la selection des donneurs et des receveurs et
expose l’etat actuel du probleme de l’histocompatibilite. II decrit la technique chirurgieale et les soins postchirurgicaux. II passe
en vue le diagnostic du rejet et son traitement, et souligne l’importance de la precocite
du diagnostic et de la vigueur du traitement.
II a ete montre que ce dernier permet de
renverser les episodes aigus de rejet. Les
medicaments immunotherapiques sont rappeles, ainsi que les complications auxquelles ils
donnent lieu. L’auteur rend compte du pro
gramme de readaptation et des examens fre
quents et prolonges auxquels ces malades doivent se soumettre. 11 admet que les survivants
peuvent mener une vie pleinement active et
productive.
L’article presente brievement trois cas. Un
malade vit encore 3% ans apres 1’operation,
le second a survecu plus de deux ans, le troisieme etant decede trois mois apres la trans
plantation, par infection pulmonaire foudroyante et ulcere perfore. Ces complications
sont prevenues de la corticotherapie intensive
et des immunosuppresseurs qu’il a fallu donner
en presence des episodes de rejet.
En conclusion, 1’auteur enumere les diverses
raisons qu’on a de poursuivre les transplanta
tions cardiaques.
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STUDY OF SURGICAL PRACTICE IN ALBERTA FOR 1970*
N. T A IT M cPHEDRAN , M.D., F .R .C .S .[C ] and
CLARENCE E K ST R A N D , M.A., Ph.D.,
Calgary, Alta.
H e a l t h delivery planning is of concern
to the medical profession,1'6 to educa
tors, 7>8 and to the Government at all
levels.9 Heretofore estimates of the Ca
nadian needs for surgical personnel8
have been based on recommendations
made by specialty committees of the
Royal College of Physicians and Sur
geons of Canada. Essentially, these com
mittees have based their recommenda
tions on consensus of opinion amongst
their members. There has been no study
o f: (a) the total requirements for
surgical treatment, and (b) the person
nel who are to deliver this treatment to
a large and varied population. Both
types of information are required if sur
gical training programs and immigra
tion policies are to be adjusted to meet
the present and projected requirements
for surgeons.
‘ From the Division o f Surgery, Faculty o f
Medicine, University o f Calgary, and the
Division of Community Health Sciences, F ac
ulty o f Medicine, University o f Calgary, Cal
gary, Alta.

British10,11 and American12'15 studies
have clearly confirmed the impression
that surgery carried out by fully trained
surgeons leads to lower morbidity and
mortality. It should be our aim to pro
vide the highest quality of surgical care
to all citizens. To facilitate the optimal
allocation of surgical procedures be
tween the respective medical special
ties, we have assigned all surgical pro
cedures to either specialized categories,
to be performed by the appropriate cer
tified surgical specialists, or a general
category, to be performed by any quali
fied physician or surgeon,
M ethodology

Data pertaining to operations per
formed in Alberta in 1970 were pro
vided courtesy of the Alberta Health
Care Insurance Commission through the
Medical Care Section, Health, Econo
mics and Statistics, Department of Na
tional Health and Welfare, Ottawa.
Records of ja ll surgical procedures, as
M edical Specialists

Thoracic, cardiovascu
lar, vascular surgeons

of

Plastic
surgeon

T able I.— T otal Surgical W orkload (H ours)

General surgery.....................................

38,291

94

23

106

43

328

1089

Cardiovascular-thoracic surgery..........

2367

4

2

14

1

3

941

Orthopedic surgery...............................

2031

2

71

4

16,682

255

12

Urological surgery.................................

1745

9408

0

1

0

5

0

Otolaryngology......................................

259

1

29

10,747

8

209

31

Plastic surgery.......................................

1449

9

3

165

208

6083

4

Neurosurgery.........................................

36

1

2360

1

314

3

5

Non-specialized surgery.......................

23,547

1206

27

744

4727

887

311

Total surgical workload.......................

69,724

10,721

2515

11,779

21,982

7772

2390

Orthopedic
surgeon

Otolaryngologist

Neuro
surgeon

General
urologist

Type of
surgery

General
surgeon

Type of
specialist
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TABLE II.

Specialized Surgical Workloads (H ours) of M edical Specialists

T ype o f
specialist
■g

*5 •'5

T ype of
surgery

3

*2 §

2 5

General surgery....................

18,336

1 1

g

s "S
3 £.

;§
-S

1
146

38,291

94

"g

%1
^ 2

910

761

1

0

23

Orthopedic
surgeon

V.

^

a tf

9

362

104 .

2

Thoracic, cardiovascu
lar, vascular surgeons

78

.e
•5

■ si

43

51

328

1089

3

941

3813

255

12

24,330

60.892

Cardiovascular-thoracic
surgery.......................

116

37

2367

4

0

0

327

0

1

' 0

13

1

1

2

Orthopedic surgery.......

5086

9f

2031

2

0

1

31

71

29

0

4

0

16,682

27

16

0

1

0

0

1

5

0

12,920

1

0

10.687

60

8

2

209

31

12,900

6083

4

9936

5

2792

Urological surgery.............

1688

33

.745

9408

0

2

23

Otolaryngology........

1547

3v

259

1

0

0

31

0
29

Elastic surgery...........

1971

3.

1449

9

0

0

4

3

2

2

156

9

208

1

14

36

0

0

6

0

2360

0

0

0

0

314

2

399

46,178

9518

910

10

1177

411

11

10,965

72

17.256

86

Neurosurgery . ..

52
28,796

2486

•

3
6885

2082

Minor discrepancies in the figures are accounted for by the category "Other", in the major computer tapes.

defined by the Alberta Fee Schedule,
were analyzed (those funded through
Workmen’s Compensation Board were
not included because computer data
are not available). The records list
each surgical procedure by name, and
the specialist qualification of the sur
geon who performed the operation.
Procedures were grouped (as defined
by the Alberta Fee Schedule) into the
following specialties: general surgery,
cardiovascular-thoracic surgery, ortho
pedic surgery, urological surgery, oto
laryngology, plastic surgery and neuro
surgery. For each surgical procedure
was recorded the number of times it
had been performed in 1970, broken
into the respective categories of cer
tified specialists (Tables I to IV).
Because there is a wide variation in
the time required to carry out opera

tions of different types (e.g. appen
dectomy versus total gastrectomy) pro
cedures were assigned an “average”
operating time by Surgical Division
chiefs. Average time for each operation
is the time from entry of the patient
into the operating room until the pa
tient leaves following operation. (Two
representative examples a re : partial
gastrectomy, three hours; hip pin and
plate, three hours.)
For each operation the number of
times the operation was carried out was
multiplied by the “average” operating
time to determine the total surgical
workload in hours. The following com
putations were made:
(1) (a) Total workload (hours) for
each specialist group (Table I, bottom
of page in each column). This includes
all surgical procedures carried out by

TA BLE i n - D istribution of the T otal Workload of M edical Specialists (P ercentage) H ow the Average Specialist Allocates
H is T otal Operating T ime
^

T ype of
specialist

§~ £

I

<3 2

17.7

25.1

54.9

Cardiovascular-thoracic surgery..............................

.1

6.4

3.4

Orthopedic surgery.....................................................

4.9

17.0

General surgery...........................................................

.9

"U £
c
O Sc'

£

1.0

2.8

1.0

-1

1.2

-

-

26.9

.9

-

—

-

1L6

.1

2.9

-

—

2.1

1.1

87.8

Urological surgery'.......................................................

1.6

0.1

2.5

1.5

6.0

Plastic surgery.............................................................

1.9

6.0

•4
2.1

.1

N eurosurgery............................................................... 1

.1

2.4

.1

—

72.2

31.4

33.7

11.2

-

4.2

.8

-

2.1

1.1

12.5

-

.1

47.7

.1

. 79.1

58.4

.0

c.
O

12.5

52.2

Otolaryngology............................................................

Non-specialized surgery.............................................

1

■2'S
■|

5

.1
93.8
1.1

.6

.1
85.8

■3

.2

.2
■5

S .3

6.9

4.2

45.6

26.2

-

39.2

_

.3
76.0

2 »
2
2§ 2.

Plastic
surgeon

*7“

T y o f pe
surgery

5>

Orthopedic
surgeon

General
practitioner

3

3.6

3.3

.5

.5

.1

-

.1

.1

-

.3

90,3

-

.3

2.7

1.3

1.8

1.4
6.8

.9

.1

78.3

.2

1.4

.3

-

.2

21.5

88.4

11.4

13.0

* 1he percentages beneath each medical specialist represent the distribution of specialized surgery excepting the final row which represents the jx:rcentage of
non-specialized surgery performed relative to the total amount of surgery performed. 'I he non-specialized totals comprise all non-specialized surgery of each
type of surgery.

.1
71.1

1r
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TABLE IV.—D istribution of the T otal W orkload of E ach T ype of Surgical Specialist (P ercent 
age) (In W hat Areas D oes E ach T ype of Specialist P erform H is S urgery )

G e n e ra l
u ro lo g is t

N eu ro 
su r g e o n

P la s tic su rg e o n

T h o r a c ic ,
c a r d io v a s c u la r ,
v a s c u la r su r g e o n s

54.8

.9

.9

.9

.2

4.2

45.6

Cardiovascular-thoracic surgery

3.4

.2

.1

.1

—

—

39.4

Orthopedic surgery................

2.9

—

2.8

—

76.0

3.3

.5

Urological surgery.........................

2.5

87.6

—

—

-

Otolaryngology..............................

.4

—

1.2

91.2

Plastic surgery................................

2.1

.1

.1

1.4

.9

Neurosurgery..................................

.1

93.8

6.4

1.4

Non-specialized surgery................

33.8

Genera] surgery........................

j

—

11.2

1.1

the members of the specialist group
whether or not they were within the op
erations listed for that specialty.
(b) Total specialized workload—
work appropriately done by each spec
ialist group (Table II, right hand side).
As stated above, specialist procedures
were defined as those which would al
ways be done by the appropriate special

O r th o p e d ic
su r g e o n

T y p e of
su rg ery

O to la ry n g o lo g ist

G e n e ra l
su r g e o n

Type of
s p e c ia lis t

.1

—

21.5

—

—

2.7

1.3

78.3

.2

—

.2

11.4

12.8

ist in an optimal care system (e.g. for
general surgery—hernia, hemorrhoids,
appendectomy, stripping varicose veins,
and all more complicated procedures ap
propriate to that specialty). These were
assigned to each specialty by the Sur
gical Division chiefs. We believe that
other procedures should be carried out
by the family practitioner.

69,724

567

60,892

107

Thoracic-cardiovascular surgery........................

12

2390

199

3813

19

Orthopedic surgery..............................................

41

21,982

536

24,330

45

Urological surgery................................................

22

10,721

487

12,920

27

Otolaryngology.....................................................

28

11,855

423

12,900

28

Plastic surgery......................................................

9

7772

864

9933

11

Neurosurgery........................................................

9

2515

279

2789

10

N u m b e r o f s p e c ia lis ts
r e q u ir e d to p e r fo r m a ll
p r o c e d u r e s c o n s id e r e d
s p e c ia liz e d w i t h i n h is
s p e c ia lty .

T o ta l o p e r a tin g lim e f o r
ite m s c o n s id e re d
s p e c ia liz e d s u r g e r y

123

T o ta l o p e r a tin g tim e o f
a ll s p e c ia lis ts i n each
c a te g o r y ( in c lu d in g
w o r k d o n e w i th in a n d
o u ts id e th e s p e c ia lty )

General surgery....................................................

S u r g ic a l s p e c ia lty

N u m b e r o f s p e c ia lis ts
1970

A v e r a g e w o r k lo a d o f
ea ch a p p r o p r ia te s p e 
c ia lis t

TABLE V.—1970 S pecialist R equirements

Minor discrepancies in the figures are accounted for by the category “O ther” , in the major computer tapes.
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Type of
s p e c ia lis t

-

-

-

.1

7 2 .8

-

-

.2

-

-

•2

-

-

.1

6 3 .2

C a r d i o v a s c u l a r - t h o r a c i c s u r g e r y ......................

3 .0

1.0

6 2 .1

O r t h o p e d i c s u r g e r y ...................................................

2 0 .9

.4

8 .3

U r o lo g ic a l s u r g e r y .....................................................

13.1

.3

1 3 .5

O t o l a r y n g o l o g y ............................................................

12.0

.3

2.0

-

P l a s t i c s u r g e r y .............................................................

19.8

.4

14.6

N e u r o s u r g e r y ................................................................

1.9

.5

1 .3

G eneral
u r o lo g is t

<

Sc

5

•S -5

_

>

.1

.1
—

—

■2

—

i

< it

.2
.3

.1

.3

.1

-

.2
-

8 4 .5

-

-

P e d ia tr ic ia n

O p h t h a lm o lo g is t

-

.2

2 I

•2 it1
2 .5

O r th o p e d ic
su rg eo n

O b s te tr ic ia n a n d
g y n e c o lo g is t

—

8 .5

3 0 .3

In te r n is t

1.3

-

G en era l
p r a c titio n e r

N e u r o lo g is t

—

D e r m a to lo g is t

.6

—

-

G e n e r a l s u r g e r y ...........................................................

|I

1

g

1.5

Type of
surgery

■2
wj* ^

1

.1

.1
—

—

-

-

-

2
•2

.1

6 8 .6
-

T h o r a c ic , c a r d io v a s c u 
la r , v a s c u la r s u r g e o n s [

TABLE VI.- D istribution <if the Specialized W orkload (H ours ) of M edical S pecialists (P ercentage) (W ho C urrently P erform Specialized S urg ery )

.5

1.8

—

2 4 .7

1.0

-

.2

-

8 2 .8

.5

.1

-

1.6

2

.1

2.1

-

6 1 .2

.1

.1

.2

-

-

1.6

—

—

—

11.2

-

.1

•*

(c) The number of specialists actu
ally practising in each specialist group.
Only those specialists who submitted
surgical fees totalling $10,000 or more
were included (Table V, column 1).
(d) Total workload (hours) for each
specialist group (Table V, column 2).
(e) The average yearly workload of
each specialist group (Table V, column
3). This was calculated by dividing the
total workload of each specialist group
by the number of practising specialists.
(f) Total operating time for items
considered “specialized” surgery (Ta
ble V, column 4).
(g) The number of specialists re
TABLE V II.—D istribution

of the

quired to carry out the total “special
ized” workload (Table V, column 5).
This was derived by dividing the total
“specialized” workload by the average
workload of the specialists in each
group.
(2) Data on the patterns of surgical
practice were derived by means of the
following calculations:
(a) Distribution (percentage) of the
total workload of medical practitioners
(Table III).
(b) Distribution of the total work
load of each type of specialist (Table
IV).
(c) Distribution (percentage) of the

S pecialized W orkloads
(P ercentage)

of

E ach T ype

of

Surgical Specialist

General
surgeon

General
urologist

Neuro
surgeon

Rhinootolaryngologist

Orthopedic
surgeon

Plastic
surgeon

Thoracic,
cardiovascular,
vascular surgeons

General surgery.............................

63.6

82.9

1.0

.9

.9

2.8

.2

4.8

52.3

Cardiovascular-thoracic
su rg ery ...........................................

.4

5.1

.2

—

.1

1.4

—

—

45.2

—

—

96.8

3.7

.6

—

—

.1

—
1.5

Type o f
surgery

X\

Ophthalmologist,
rhinootolaryngologist

General
practitioner

Type of
specialist

>f
Orthopedic surgery........................

17.7

4.4

—

2.9

Urological surgery............................

5.9

3.8

98.8

—

—

Otolaryngology................................

5.4

.6

—

1.2

97.6

83.3

—

3.0

Plastic surgery.................................

6.8

3.1

—

.1

1.4

12.5

1.2

88.4

.2

Neurosurgery....................................

.2

.1

—

94.9

—

—

1.8

.4

.2
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“ specialized” workload among those
who carried out the work (Table V I).
(d) Distribution (percentage) of
each average specialist’s “ specialized”
workload (i.e. how much time did the
average specialist work within and out
side his own specialty) (Table V II).
(3) The number of specialists re
quired per 10,000 population was cal
culated for each specialty. First the
requirement for specialist surgery (spe
cialty workload) was divided into the
population of Alberta (Statistics Can
ada 1971— initial census return 1,619,305), then the specialty workload per
10,000 population was calculated. From
this the number of specialists required
per 10,000 population was calculated:
Specialty workload/10,000
Average O.R. workload of
appropriate specialist
(4) Population projections were ob
tained from the Demographic Labora
tory of the University of Alberta and
the requirements for specialists for the
years 1976 and 1981 were calculated.
R e s u l t s a n d C o n c l u s io n s

Table V summarizes the data and cal
culations. This provides information on
the average workload and the number
of specialists required to carry out the
“ specialized workload” in an ideal

health delivery system. It is emphasized
that this represents operating workload
only. The table is set out as follows:
Surgical Specialties
Column 1.— Number of specialists
in each category who were active in
1970. (Almost always this is lower
than the number registered with the
Alberta College of Physicians and Sur
geons because only those who had billed
for $10,000 or more for the year were
included in the active category.)
Column 2.— The total time spent op
erating by each specialist group (in
cludes operations within and outside
his own specialty).
Column 3.— The average yearly oper
ating load for each type of specialist
(column 2 divided by column 1).
Column 4.— The time required to
carry out procedures which should be
performed only by a specialist.
Column 5.— The number of specialists
required to carry out all “ specialized”
surgery (column 4 divided by column 3).
Table VIII provides data on the num
ber of specialists required, based on the
number of hours of surgery projected
at the same rate to include population
growth. Based upon the present pattern
of surgery in Alberta, specialist sur
geons are required in the following ra
tios :

1976-projecled
total
specialized
hours

1976-projecled
specialist
requirements

1981-projected
total
specialized
surgical hours

1981-projected
specialist
requirements

TABLE VIII.— P rojected 1976 and 1981 Specialist R equirements

General surgery.......................................................

68,179

120

75,263

133

Cardiovascular-thoracic surgery............................

4293

21

4739

24

Orthopedic surgery.................................................

27,395

51

30,242

56

Urological surgery...................................................

14,547

30

16,060

33

Otolaryngology........................................................

14,525

34

16,034

38

Plastic surgery........................................................

11,787

12

12,350

14

Neurosurgery...........................................................

3143

11

3170

12

Assuming growth = 2%/year Alberta population or 11.1% over five years.
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1 : 15,135
1: 82,227
1:35,984
1 : 59,974
1 : 57,832
1:147,210
1:161,931

General surgeons................................
Cardiovascular-thoracic surgeons. . .
Orthopedic surgeons..........................
Urologists.............................................
Otolaryngologists...............................
Plastic surgeons..................................
Neurosurgeons....................................

If the population increases as pro
jected and if surgeons continue to work
a t the 1970 rate, the following numbers
will be required to carry out all special
ized surgery.

General
surgeons
C.V.
surgeons
Orthopedic
surgeons
Urologists
Otolaryngologists
Plastic
surgeons
Neurosurgeons

a o-,

-2®
s
C j O ',

r

• 5,0 -.

123

107

120

133

12

19

21

24

41
22
28

42
27
28

51
30
34

56
33
38

9
9

11
10

12
11

14
12

9^

Again, these data provide informa
tion based on the surgery actually car
ried out in the Province of Alberta in
1970. We have assumed th at there is
no large unmet need and that there is
no over-utilization. These assumptions
cannot be proved, but it is unlikely
that there is a large unmet need. Health
care in Alberta is available to everyone
and its citizens have access to more
active treatm ent hospital beds than al
most anywhere in the world! (Alberta
8.7/1000 population; Canadian average
6.2/1000, U.S. average 4.3/1000, Great
Britain average 3.1/1000.)
The allocation of time to procedures
was arbitrary, but we believe it rep
resents a reasonable average. Specialty
Division chiefs consulted their col
leagues before arriving at an estimate
of “average” operating time. If errors
have been introduced, they will equally
affect calculations of total workload,
“specialized” workload and average
workload for the specialty concerned.
Therefore calculation of the number of
specialists required derived from these
figures will be accurate.
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The assignment of procedures to spe
cialties was difficult. Most fall readily
into a specialty group but in a few cases
the senior author acted as “referee”
to make allocations. We believe that the
number of questionable allocations is
small and does not bias the results.
Table III, indicating the distribution
(percentage) of each practitioner’s
total workload, and Table IV, which
indicates the distribution of the special
ized workload, are interesting. As might
be expected the greatest volume of sur
gery carried out by family practitioners
is in the field of general and non-specialized surgery. Significantly, the great
er part of this work lies outside the field
of “specialized” surgery. If health care
is organized so that all “specialized”
surgical care is delivered by the appro
priate specialist the lives of general
practitioners will not be materially af
fected.
The data on specialists required for
specified population units can be com
pared with the estimates submitted by
the Royal College of Physicians and
Surgeons Specialty Committees.8

Specialty
General surgery............
Cardiovascular-thoracic
surgery ..........................
Orthopedic surgery . . . .
Urology..........................
Otolaryngology.............
Plastic surgery.............
Neurosurgery................

Royal
College
recommendalion

Alberta
study

1: 10,000 1: 15,135
1:200,000
1: 35,000
1: 50,000
1: 30,000
1:150,000
1:125,000

1: 82,227
1: 35.984
1: 59,974
1: 57,832
1:147,210
1-161,931

In five of the seven specialty areas
the Alberta Study shows that each
surgeon can serve a larger population
than estimated by the Royal College
Committee. One wonders if the Alberta
estimates are too high. Yet the average
workload for each specialty does not
indicate overwork in the operating
room (Table V, column 3). This load
may be compared with that found by
Hughes et al. in New York16 and it is
lower than the optimal load they pro
posed. It appears that estimates of
population groups that may be served
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Surgical Services for United States.
workloads calculated for Alberta, are
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conservative and that any lower esti
geons 57: 15, M arch 1972
5. Medical Economics Specialism Survey:
mates are unrealistic.
W hat Specialists Say About Shortages,
We believe that these methods should
Oradell, N J, Daly, 1967
J H : Quantity and quality of
be applied in every Canadian province. 6. K nowles
medical m anpower: review of medicine’s
One could then accurately calculate spe
current efforts. J Med Educ 44: 81,
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1969
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adjusted to meet the requirements of 7. MacServices
Program on surgical training.
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MODIFIED GASTROPLASTY: A SIMPLE OPERATION FOR REFLUX
ESOPHAGITIS WITH MODERATE DEGREES OF SHORTENING*
B E R N A R D L A N G E R , M.D., F .R.C .S .rC], F.A.C .S., Toronto, Ont.
P e p t i c esophagitis is a serious com
plication which occurs in a small
percentage of patients who have gastro
esophageal reflux. While surgical con
trol of reflux will cure the esophagitis,
the anatomical changes that may ac
company the condition make the sur
gical approach difficult and occasionally
hazardous. The number of different
surgical techniques that have been
recommended for dealing with this
problem is an indication of the current
dissatisfaction with any single meth
od.1
In its mildest form, peptic esophagitis
involves the mucosa only, but as the
inflammatory process progresses it ex
tends through the entire thickness of
the esophageal wall and into the peri
esophageal tissues. There may be re
peated ulceration and healing of the
mucosa, resulting in migration of co
lumnar epithelium from the stomach up
into the esophageal tube. Fibrosis and
contraction in the muscular wall take
place longitudinally as well as circum
ferentially so that these patients often
present with an acquired short eso
phagus as well as stenosis. The degree
of shortening may not correlate well
with the severity of stenosis in the in
dividual case, and in fact these ana
tomical changes may not be fully appre
ciated from radiologic and endoscopic
examinations. It is often only at opera
tion that the extent and reversibility of
these changes can be fully evaluated.
This paper reviews some of the cur
rent approaches to this problem. A
clearer approach to the disorder, based
on severity of stenosis and shortening,
is presented and a new operation is
described for dealing with the patient
who has a dilatable stricture and a mod
erate degrees of shortening.

‘ From the Division of General Surgery, Toron
to General Hospital and University of Toronto,
Toronto, Ont.

C urrent Manag ement

The simplest management of stenosis
secondary to esophagitis is by dilatation
where this is possible. There is still the
occasional enthusiast4 who advocates
this as the only form of treatment,
and its effectiveness in some cases can
not be doubted. It is obvious, however,
that with continuing reflux, esophagitis
will persist and stenosis recur so that
treatment by dilatation means conti
nued treatment for the rest of an in
dividual’s life. Disenchantment with
this form of treatment has led most sur
geons to look for other ways of pro
viding permanent relief both of dys
phagia and reflux.
A radical approach to peptic stricture
in its severe forms is resection of the
stricture and some kind of reconstruc
tion. The early attempts at reconstruc
tion by esophagogastric anastomosis,
although successful in the short term,
led to late problems of recurrent eso
phagitis and stricture.3 A more physi
ologic approach using jejunal interposi
tion4 takes advantage of the isoperistal
tic activity of the jejunal loop to pre
vent reflux. The significant mortality
rate of this operation has prevented its
wide adoption. Resection with colon
interposition has been popularized by a
number of authors and for benign dis
ease has an acceptable mortality rate
and brings about satisfactory restora
tion of swallowing in most cases.5
Another approach, short of resection,
has been to perform a plastic operation
at the esophagogastric junction. The
Thai operation6 consists of splitting the
stenosed segment and enlarging the
lumen by the application of a patch
taken from the fundus of stomach.
Fundic wrap-around to create an anti
reflux mechanism completes this opera
tion. The mortality of this procedure is
low, but the long-term follow-up studies
are not yet available, and the operation
suffers from the defect of leaving the
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achieve a satisfactory lumen for swal
lowing, provided that reflux is pre
vented. It is therefore recommended
that no consideration should be given
to resection unless the stricture is found
to be undilatable at the time of opera
tion. It should be noted as well that the
success rate of preoperative intraopera
tive and postoperative dilatation has
increased greatly with the use of Malloney bougies rather than rigid gum
elastic bougies. In particularly rigid
strictures Hegar dilators have also been
found useful when passed from below
at the time of operation through a small
gastrotomy opening.
In considering the different types of
repair available, esophageal shortening
may be considered as o f three grades.
Grade I shortening (Fig. la ) refers
to those patients who have a slight de
gree of esophagitis and periesophagitis
but in whom adequate mobilization o f
I ndividualization of Treatment
the esophagus (up to the level of the
In any operation for reflux esopha aortic arch) at operation allows the eso
gitis with stenosis and shortening the phagogastric junction to be brought to
criteria of success are the following: a level at least 4 cm. below the eso
(1) the obstruction is overcome either phageal hiatus.
In grade II shortening (Fig. lb-j^lne
by dilatation or resection, (2) reflux is
prevented so that esophagitis with junction can be brought down t1> the
restenosis does not occur, and (3) a level of the hiatus or just below by
normal or near-normal swallowing me wide mobilization but not low enough
to provide a length of intra-abdominal
chanism is restored.
The kind of operation suitable for esophagus adequate for a standard re
the individual patient will depend on pair. Grade III shortening (Fig. l c )
whether or not the stricture is dilatable refers to the situations in which even
and what length of esophagus is avail after adequate mobilization the eso
able for creation of an antireflux phagogastric junction remains above
mechanism. Experience has shown that the diaphragm along with a persistently
one cannot usually be certain about herniated portion of stomach.
this information until during the oper
ation, after operative dilatation has
T reatment B ased on Operative
been attempted and when the esophagus
F indings
has been completely mobilized. The fol
In those patients in whom an ab
lowing discussion will therefore con
sider the choices based on the findings solutely undilatable stricture is found,
its resection and colon interposition is
at operation.
Regarding dilatability of the stric believed to be the method of choice.
ture, Pearson, Langer and Henderson9 This has a respectably low mortality5
have shown that even if persistent at and satisfactory functional results. All
tempts at closed dilatation preoperative- other patients are managed by some
ly have failed, one can often dilate kind of reconstruction and antireflux
strictures at the time of operation, and operation.
For grade I shortening where an adeby repeated postoperative dilatations

fundus of stomach up in the chest.
The Collis gastroplasty7’ 8 involves the
creation of a tube of stomach to increase
the length of the esophagus and allow
an antireflux repair to be done below
the level of the diaphragm. Pearson’s
modification of the Collis operation9
includes adequate dilatation of the
stenosed segment and a technically sim
pler operative approach and repair.
Follow-up studies thus far have been
encouraging.
Finally, an indirect approach involv
ing attempts to improve emptying of
the stomach and to lower acid levels by
vagotomy and distal gastrectomy has
been advocated by Tanner10 and Payne.”
These operations, of course, allow reflux
to continue and may therefore fail to
correct all facets of the patient’s prob
lem.
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Fig. la

before mobilization

after mobilization

Fig. lb

Fig. lc
Fig. 1.—Classification of degrees of esopha
geal shortening based on the level of the eso
phagogastric junction after complete mobil
ization at operation, (a) Grade I shortening,
(b) Grade II shortening, (c) Grade III short
ening.

quate length of intra-abdominal eso
phagus can be obtained by mobilization,
a standard Belsey Mark IV hiatal hernia
repair3 or other acceptable standard
operation10’ 11 is effective in controlling
reflux. Any narrowing will respond to
dilatation if necessary. The addition of
vagotomy and drainage is contraindi
cated except for treatment of coexist
ing duodenal ulcer because it adds
complications of its own12 and is un
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necessary, provided an adequate anti
reflux operation has been done.
Shortening of the grade III variety
where the stricture is dilatable is most
simply and effectively managed by a
Collis type of gastroplasty. The inci
sion into the stomach creates a tube of
neoesophagus which allows reduction
of the fundus of the stomach below the
diaphragm and adds a length of tubular
organ around which a Belsey type of
repair can be constructed.9
The patient with grade II shortening
presents a dilemma. On the one hand
the standard type of repair will not be
successful because the intra-abdominal
esophagus is not long enough. It is like
ly, in fact, that the significant number
of recurrences can be ascribed to at
tempted repair under tension in this
kind of situation. On the other hand,
the stomach can be reduced through
the hiatus and one is reluctant to carry
out any kind of major reconstructive
operation in this situation. The Collis
type of gastroplasty has been useful
in this type of patient but it involves
incision of the stomach and resuture
of both the gastric tube and fundus
with the risk of suture-line leak. The
following is a description of a modifica
tion of the Collis gastroplasty which
is simpler to use, should be freer of
complications since the stomach is at
no time opened and is as effective as
the original in creating an antireflux
mechanism in this type of patient.
M o d if ie d G a s t r o p l a s t y

The aim of the original Collis type
of gastroplasty is to construct a tubular
segment of stomach continuous with
the esophagus and allow reduction of
the fundus into the abdomen (Figs.
2a and 2b). An antireflux type of opera
tion can then be carried out using this
tube as though it were distal esophagus
(Fig. 2c).
This modification of the Collis opera
tion takes advantage of the fact that in
grade II shortening the stomach al
ready lies below the diaphragm (Fig.
3a). The tubular extension of esophagus
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ach using 00 silk (Fig. 3b). Once a 4to 5-cm. tube has been created the
remainder o f the fundus is wrapped
around the tube as in a Nissen fundal
plication to create an antireflux me
chanism (Fig. 3c). The stomach is then
reduced through the hiatus and fine
silk used to anchor the esophagogastric
junction to the anterior two-thirds o f
the hiatus (Fig. 3d). No. 1 silk sutures
are then used to narrow the hiatus
behind the esophagus so that only a
finger can pass freely through.
R esu lts

can be achieved simply by placing a
row of sutures parallel to the lesser
curve of the stomach, thus producing a
watertight partition between the body
of the stomach and the tube. This pro
cedure is carried out after the usual
approach to the esophagus through the
sixth interspace and after mobilization
of the esophagus up to the aortic arch.
The stomach is also mobilized through
the esophageal hiatus, clearing the
esophagogastric junction and upper
part of the lesser curve but preserving
the vagus nerves.
At this stage one determines whether
or not the stricture is dilatable and
carries out dilatation up to No. 56 F.
Malloney bougie. With this bougie in
place, a row of overlapping horizontal
mattress sutures is placed in the stom

Eleven patients with peptic esopha
gitis and shortening have been con
sidered suitable for this operation
using the forementioned criteria (Table
I). All had clinical symptoms o f free
TABLE I.—P reoperative E valuation in 11

Patients Aged 42 to 74 Y ears
No. of patients
Indication for operation
Bleeding....................................
Dysphagia................................
Intractable reflux...................

3
5
3

Radiologic studies
Free reflux...............................
Stenosis.....................................
Shortening................................

11
6
11

Esophagoscopy
Esophagitis: moderate............
severe................
Stenosis.....................................

5
6
5

reflux. Three had had a significant
amount of bleeding from either eso
phagitis or ulcer at the esophagogastric
junction. Five had significant dysphagia
requiring operative correction. Five
had had previous operations in the
area, three a hiatal hernia repair, one
a vagotomy and one a Heller myotomy.
Radiologic investigation preoperatively revealed free reflux and apparent
shortening in all these patients; six
appeared to have an area of stenosis
as well. Esophagoscopy revealed eso
phagitis in all 11 patients. This was
graded as moderate in five and severe
in six. There was esophageal narrow
ing as well in five patients and in four
of these preoperative dilatation was
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carried out. This dilatation w as d iffi
cult but in each case a satisfactory dila
tation could be carried out under direct
vision at the time o f operation.
There w as no sign ifican t m orbidity
and no m ortality in this group o f 11
patients. One patient was lost to fo l
low-up, the others have been kept un
der observation from 11 months to
five years w ith an average o f 24 months
(T able I I ) . Follow -up exam ination inTAB LE II. — F ollow -U p E valuation of 10
P atients for 11 to 60 M onths
(A verage 24 M onths)

Clinical evaluation (10 patients)
Swallowing: normal..............
mild dysphagia.
Reflux:

none...................
m ild...................

Radiologic studies (10 patients)
Reflux:
none............ ..
mild...................

8
2
8
2
5
5

Esophagoscopy (9 patients)

Esophagitis: none...............
mild................

6
3

OF SU R G E R Y
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suggestion o f sym ptom atic reflux. One
other patient with occasional mild
heartburn has no radiologically dem
onstrable reflux. One patient had a
small recurrent herniation o f
the
stomach but normal sw allow ing and no
esophagitis or symptom s o f reflu x .
E sophagoscopy was done in n in e pa
tients. In six the esophagitis had
resolved com pletely and in three had
m arkedly
im proved. M otility
stud
ies w ere also carried out in eigh t pa
tients and where the distal sp h in cter was
identified, it was found to be above
the diaphragm , as indicated by respi
ratory reversal. This suggests that
the m odified gastroplasty, w hich was
entirely distal to the sphincter, was
the effective agent in preventing reflux.
Case R eports

The follow in g cases illustrate som e o f
the details in technique and problem s
to be avoided.

Case 1.— A 65-year-old woman had a
history o f heartburn for 20 years. For six
eluded clinical evaluation and cine-eso years she had had intermittent dysphagia to
phageal exam inations in all. A number solid foods which had increased over the
last three years. By the time of admission
o f patients had follow -up endoscopic
exam ination and m otility studies as she had lost 12 lbs. and was taking only
well. Postoperative dilatation was neces liquids and pureed foods. Barium examina
sary in tw o patients, in one fo r 12 tion of her esophagus showed hiatus hernia
with a tight stricture (Fig. 4a). Esopha
months and one fo r 2\j> years. Since
goscopy revealed moderately severe eso
discontinuing dilatation these tw o pa
phagitis and a tight stenosis which was
tients have managed satisfactorily fo r
dilated to admit a No. 30 F. bougie.
one and tw o years respectively.
At operation on January 20, 1967 the
O f the 10 patients follow ed-up eight stenosis was dilated to a No. 46 F. Malloney
are able to swallow norm ally. One has
under direct vision. After mobilizing the
minimal dysphagia but eats an ordinary esophagus the esophagogastric junction
could be brought down to, but not below,
diet and the other has mild dysphagia
the hiatus. A modified gastroplasty was
and has to eat a m odified diet. Only
carried out.
tw o patients have occasional mild
Postoperatively she had some dysphagia.
sym ptom s o f reflux. In both, these
This was relieved by dilatation up to No.
sym ptom s are much im proved over the
46 F. and she required intermittent dilata
preoperative state.
tion for 2y2 years. Esophagoscopy showed
F ollow -u p
radiologic
exam ination
resolution of her esophagitis. Follow-up
has been carried out in 10 patients.
barium examination showed minimal nar
C ineradiography, including the water rowing at the junction of stricture and
siphon test, showed a com pletely com  gastroplasty (Fig. 4b). For two years she
has not required dilatation but has had to
petent an tireflu x mechanism in five
take a modified diet.
patients. In fiv e this test has shown
Since this patient was first operated on
small am ounts o f reflu x but in only
it has become apparent that for normal
one o f these patients was there any
swallowing, dilatation to No. 46 F. is not
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Fig. 4a
F'g- 4b
Fig 4.—Case 1. Barium examination (a) before operation, (b) two years after modified
gastroplasty.

adequate. In all subsequent operations dila
tation has been carried out to at least No.
56 F. and sometimes No. 60 F. Also, the
cardioplasty has subsequently been carried
out around a No. 56 F. bougie rather than
free-hand and in no subsequent patients
has this problem o f prolonged dysphagia
occurred.
Case 2.— This 44-year-old man was first
seen in January 1970 with a history of
gastroesophageal reflux for several years.
He began to have dysphagia to solid foods
two years before admission. One year ear
lier he had had a transabdominal repair of
a hiatus hernia. His symptoms improved
for about eight months and then his dys
phagia recurred.
Barium examination showed a small
recurrent hernia with reflux. Esophagoscopy showed moderate esophagitis and
minimal stenosis. A transthoracic Belseytype repair of his hernia was performed.
This was noted to be under some tension
at the time, but it was believed a satisfac
tory repair had been effected.
For 15 months he had relief of symptoms
and then he began to have occasional heart
burn and sticking of solid foods. These
symptoms increased over a six-month pe
riod and he was readmitted in January
1972. Barium examination showed a small

recurrent hernia with reflux (Fig. 5a). Esophagoscopy showed moderate esophagitis.
He was re-explored through the left chest
and on this occasion a modified gastro
plasty was carried out. Postoperatively he
has had no symptoms of reflux or dys-

Fig. 5a
Fig. 5b
Fig. 5.—Case 2. Barium examination (a)
before operation, (b) six months after modi
fied gastroplasty.
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phagia. Follow-up barium examination
showed a competent repair (Fig. 5b) and
esophagoscopy showed completed resolution
o f his esophagitis.
The first repair for recurrent hernia was
under some tension and this was likely re
sponsible for his second recurrence. This
is exactly the situation in which the type
of gastroplasty described above is most
useful, that is when, with the slight degree
of shortening, mobilization allows reduc
tion of the junction below the diaphragm
but either insufficient length is available
for a good repair or there is excessive ten
sion on the repair. The error in judgment
was in using a standard Belsey-type repair
rather than modified gastroplasty at the
time of his first recurrence.
Case 3.— A 42-year-old woman was ad
mitted to hospital with a history of dys
phagia of about 10 years’ duration. Nine
years previously a Heller myotomy had
Fig- 6a
Fig. 6b
been carried out for what was tentatively
Fig. 6.—Case 3. Barium examination (a)
diagnosed as achalasia of the esophagus.
She had little relief of symptoms and re before operation, (b) two years after modified
gastroplasty.
quired intermittent esophageal dilatation
following that procedure. For one year
before admission she had increasing dys operation. Follow-up esophagoscopy showed
phagia and was able to take fluids and minimal residual esophagitis but no stric
pureed solids only. She had intermittent ture. Barium examination showed resolu
heartburn with acid reflux into her throat. tion of the stricture and minimal reflux
only (Fig. 6b).
On admission she was found to have
This patient demonstrates the reversibil
Raynaud’s phenomenon and peripheral skin
changes suggestive o f scleroderma. Eso ity of esophageal stricture providing gas
phageal scleroderma was confirmed by troesophageal reflux can be controlled. In
motility studies. Barium
examination this case prolonged dilatation was required
showed a tight stricture o f the lower end to keep the lumen adequate, but once heal
ing had occurred this dilatation was no
o f her esophagus with shortening (Fig.
longer
necessary. The slight amount of eso
6a). Esophagoscopy showed marked eso
phagitis and a tight stricture. Preoperative phagitis noted on follow-up may be due
dilatation was carried out to No. 46 F. with either to the small amount of continued
reflux or to small amounts of acid secreted
some difficulty.
in the gastroplasty tube. In any event it
Through a transthoracic approach her
produces no symptoms and has not pre
esophagus was mobilized and under direct
vented
resolution o f her stricture.
vision was dilated to admit a No. 56 F.
Malloney bougie. The junction could be
Sum m ary
brought down to, but not below, the hiatus,
and a modified gastroplasty was carried
An
individual approach is pre
out.
sented to the problem of reflux esopha
Because she had considerable scarring gitis with stenosis and shortening. This
and a tight stricture, she was managed by
is based on the findings at operation of
monthly bougienage at home during the
dilatability
of stricture and length of
first year after operation. During this time
she had no symptoms o f reflux and no esophagus available following complete
dysphagia whatever. For the subsequent mobilization. Only in cases where the
year, since discontinuing bougienage, she stricture is totally undilatable is resec
has eaten an ordinary diet, had normal tion considered.
swallowing and no symptoms of reflux.
For dilatable strictures the operation
She has gained 36 lbs. in weight since is determined by the level to which the
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esophagogastric junction can be brought
down following extensive esophageal
mobilization. For grade I shortening,
where the junction can be brought down
to the normal position, a standard re
pair of the Belsey Mark IV type is
carried out. For marked shortening,
grade III variety, where the junction
remains well above the hiatus after
mobilization, the Collis type of opera
tion is recommended.
For those patients with grade II
shortening where there is an insuffi
cient length to allow a simple repair,
yet the junction can be brought down
to the hiatus, a new type of gastro
plasty is described. Satisfactory results
in 11 patients are reviewed and details
of the technique and follow-up dis
cussed.

The author wishes to thank Dr. F. G.
Pearson for allowing four of his patients to
be included in this review.
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R e su m e
L’auteur presente une vue individualisee du
probleme de 1’oesophagite par reflux, accompagnee de stenose et de raccourcissement. Ces
vues tiennent compte des constatations operatoires sur la dilatibilite du retrecissement et
la longueur d’oesophage disponible, apres mo
bilisation complete. Ce n’est que dans les cas
ou il y a impossibility absolue de dilater qu’on
envisage la resection.
En ce qui concerne les stenoses dilatables,
le mode operatoire est determine par le niveau
auquel on peut abaisser la jonction oesophagogastrique apres mobilisation maximum de
l’oesophage. En ce qui concerne le raccourcis
sement du niveau I, c’est-a-dire celui ou la
jonction peut etre abaissee en position normale, on effectue une correction du type Bel
sey Mark IV. Dans les cas ou le raccourcisse
ment est prononce, c’est-a-dire ceux ou le plan
de jonction reste tres au-dessus de l’hiatus
apres mobilisation, on conseille l’operation du
type Collis.
Quand aux malades appartenant au niveau
II, c’est-a-dire ceux ou la longueur de l’oesophage est insuffisante pour pouvoir pratiquer
une reparation simple, bien que la jonction
puisse etre descendue jusqu’a l’hiatus, l’auteur
decrit un nouveau mode de gastroplastie. II
passe en revue les resultats satisfaisants qui
ont ete obtenus chez 11 malades et expose les
details techniques et les observations catamnestiques.
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MANAGEMENT OF ACUTE UPPER GASTROINTESTINAL
HEMORRHAGE
ROBERT H. W ILKINSON, M.D., F.R.C.S.[C], F.A.C.S.,*
Toronto, Ont.
U p p e r gastrointestinal hemorrhage con
tinues to be a common life-threatening
clinical entity. The majority of patients
who die are over 60 years of age, have
serious associated conditions and have
a massive hemorrhage. It is important
to recognize this group because of the
high mortality that attends continued
non-operative management. It is equally
important to appreciate that almost all
patients who do not fall within this
group will stop bleeding and survive
without operative intervention. Prin
ciples for the management of severe
upper gastrointestinal hemorrhage have
been established, based on the follow
ing review of the clinical experience of
the Toronto Western Hospital.
This retrospective study is based on
a series of 1231 patients with upper
gastrointestinal hemorrhage admitted
to the Toronto Western Hospital from
January 1, 1959 to December 31, 1971.
In 925 patients the hemorrhage was
classified as mild. There was no mor
tality in this group related to the
hemorrhage and it will not be discussed
further. There were 306 cases of severe
hemorrhage and these will be analyzed
more fully. Cases of esophageal varices
and primary bleeding disorders have
been excluded.
In regard to the sex incidence, there
was an expected male preponderance
— 234 men and 72 women. Table I lists
the sites of hemorrhage. Peptic ulceraTABLE I.— Sites

of

H emorrhage

No. of patients
Duodenal ulcer.........................
Gastric ulcer.............................
Stomal ulcer.............................
Hiatus hernia...........................
Carcinoma of stomach............
Lymphoma of stomach...........
Diffuse ulceration....................
Site undetermined....................

144 q
51
65.3%
5J
9
8
1
17
71

*Head, Division o f General Surgery, Toronto
Western Hospital, 399 Bathurst Street, To
ronto 130, Ont.

TABLE II.— R esults of G astrointestinal Series
Lesion

No. of patients

Demonstrable ulcer crater. . . .
Deformity of duodenal cap___
Hiatus hernia...........................
Carcinoma of stomach.............
No lesion demonstrated..........
Gastrointestinal series not done

143“
31
9
4_
73
46

61%

tion was by far the commonest source
of hemorrhage, accounting for twothirds of the cases. Gastrointestinal
series was the main investigational pro
cedure and was useful in localizing the
lesion in nearly two-thirds of the pa
tients (Table II).
TABLE I I I — C lassification
intestinal

of A cute G astro 
H emorrhage

Rate

No. of
patients

Massive

(over 5000 ml. in any 48-hr.
period, or over 3500 ml. in
any 24-hr. period)
Moderate (between 2500 ml. and 5000
ml. in any 48-hr. period)
Mild
(under 2500 ml. in any 48-hr.
period)
Total

108
198
925
1231

Acute upper gastrointestinal hemor
rhage was classified into three groups,
based on the rate of hemorrhage, as
shown in Table III. Table IV shows the
important, striking relationship be
tween rate of hemorrhage and mor
tality. The low mortality rate of 5.6%
in the moderate group, managed non
opera tively, is in marked contrast to
the high mortality for massive hemor
rhage. The mortality rate in 1123 pa
tients with mild and moderate hemor
rhage was 1.2%.
The contribution of age to mortality
is equally important. Fig. 1 shows the
increasing incidence of severe hemor
rhage with advancing age, undoubtedly
related to the increasing severity of
arteriosclerosis with loss of vessel-wall
elasticity and contractility. Similarly,
the mortality rises in direct proportion
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TABLE IV.— M ortality R elated

to

R ate

of

H emorrhage

Massive

Moderate

Non-operative........................

46

Emergency operation..............

62

No. of patients

Deaths

No. of patients

Method of management

10
(5.6%)

177
(47*% )

3
(14.8%)

21

16
(25.8%)

Deaths

This has not proved to be so in our
series in which the mortality rates were
about the same for both operations
(Table V I).
D is c u s s i o n

Fig. 1.—Age
mortality.

distribution

and relation to

to age. Table V further illustrates the
adverse effect of age— the overall mor
tality in patients under age 60 being
5.4 % as opposed to 27.2% in patients
over this age.
Some series1,2 have shown lower mor
tality rates for vagotomy and pyloro
plasty compared with gastric resection

Many authors have classified as
“ massive” , hemorrhage occurring at a
much slower rate than that defined in
Table III and have advocated much
earlier operation on that basis.3-6 Our
figures show that most patients can be
managed safely without operation, pro
vided they remain within the moderate
group. Reports from before the era of
emergency surgery further support this
contention.7 Of the deaths in the mod
erate group treated non-operatively, all
patients were over 70 years of age and
eight of the 10 had serious associated
disease. It is doubtful whether opera
tion upon these patients would have
lowered the mortality figures.

TABLE V.— R elationship

of

Age group

No.

Below age 60..

110

4

Above age 60 .

113

28

Deaths

TABLE VI.—M ortality

Gastric re
section ........
Vagotomy and
pyloroplasty
Exploration
only............

%

M ortality

Total

No.
38 '
45
of

Deaths

No.

Deaths

4

148

8 (5.4%)

15

158

43 (27.2%)

E mergency O peration

Total

Moderate

Massive
No.

to

Surgical

Medical

Operation

A ge

Deaths

No.

Deaths

No.

Deaths
7(23.3%)

25

7

5

0

30

34

8

16

3

50

3

1

Total..............
*51 patients were over age 60 and 13 patients had serious associated disease.

11(22%)

3

1

83

*19
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The three patients who died follow
ing emergency operation for moderate
hemorrhage were aged 77, 79 and 90.
Two of these had bled slowly over a
number of days and this circumstance
constituted the indication for opera
tion. The diagnosis in both cases was
duodenal ulcer. One patient had a vago
tomy and pyloroplasty and the other
had a gastrectomy. Both developed
pneumonia postoperatively. The third
patient had an extensive lymphoma of
the stomach. The operation was lim
ited to biopsy. Two of these three pa
tients might have survived if operation
had been withheld. Prolonged bleeding
(over 48 hours) usually stops without
operation as was the case in 25% of the
patients in the moderate group who
survived.
In the massive group the manage
ment is clearly operative and this should
be undertaken as soon as a patient en
ters this category, or is obviously about
to do so, particularly if he is over the
age of 60. Our figures clearly show a
mortality rate of nearly 50% for con
servative management in this group.
This was the established mortality rate
for conservative management of severe
upper gastrointestinal hemorrhage be
fore 1950 and was the reason for the
advocacy of emergency surgical inter
vention which began shortly before
that time. Nineteen of the 22 deaths in
this group were attributable to some
complication of continued bleeding.
The operative mortality of about
25% for massive hemorrhage is much
higher than it need be. The majority
of patients were managed longer on a
non-operative basis than was advisable.
The average delay before operation was
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four days and the average amount of
blood transfused was 17 units. More
over, almost all the patients who died
following operation for massive hemor
rhage were over 60 years old and 10 of
the 16 had serious associated disease.
It is clear that patients over age 60
with disease of other organ systems
must not be allowed to progress into
this category.
There has been a tendency in recent
years to advocate vagotomy and pyloro
plasty in preference to gastric resec
tion because of lower mortality figures
for the former operation. This conclu
sion does not emerge from our figures,
which show similar mortality rates for
both procedures. A likely explanation
for the assumption that vagotomy and
pyloroplasty constitute safer manage
ment is the fact that this practice has
coincided with the era of intensive care
and greatly improved understanding
and management of low-flow states and,
postoperative pulmonary problems.
A preliminary review of cases of
acute upper gastrointestinal hemor
rhage occurring before 1969 estab
lished the indications for non-operative
and operative management at that time.
Data for the years 1969 to 1971 dem
onstrate the results of the policy then
adopted which shows that the mortality
rate for the condition has been greatly
reduced.
The data for these three years are
summarized in Table VII. There were
111 cases of acute gastrointestinal
hemorrhage, exclusive of esophageal
varices and prim ary bleeding disorders.
In the 64 cases classified as minor
there was not a single death. Twentynine cases were moderate in degree and

TABLE VII.— 1969, 1970

and

1971 P atients *

Massive

Moderate

No. of patients

Deaths

No. of patients

Deaths

Medical...........................................
Surgical...........................................

4
14

2
2

23
6

1
0

Gastrectomy...................................
Vagotomy and pyloroplasty........

6
8

2
0

1
5

0
0

♦Minor hemorrhage—64, moderate—29, massive—18.
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in this group there was one death— a
70-year-old patient who had also had a
recent cerebrovascular accident. In 18
cases the hemorrhage was massive and
accounted for four deaths. Two of four
medically managed patients, who should
have been operated upon within a few
hours of the onset of bleeding, died of
exsanguinating hemorrhage; if the in
dication for operation of massive hemor
rhage had been observed, both these
patients might have survived. Of 14
patients with massive hemorrhage who
were managed surgically, two died after
gastrectomy for stress ulceration sec
ondary to serious associated illness.
Properly, most of the massive bleeders
were managed by operation within an
average time of 24 hours, resulting in
a greatly reduced mortality.
Recently there has been a tendency
towards a more aggressive diagnostic
approach, particularly the employment
of endoscopy and arteriography.8,9 Both
these diagnostic aids have been used
sporadically at the Toronto Western
Hospital but not in large enough num
bers to justify a report of our experi
ence. Certainly if an expert endoscopist
is available, this method of investiga
tion can be invaluable, but most centres
do not have such an individual. One of
the main values of emergency endoscopy
is the detection of diffuse ulceration
and consequently the avoidance of oper
ation in this group. If the criterion for
conservative management outlined in
this paper is followed, unnecessary
operation will largely be obviated in
this significant group of patients, as
almost all have hemorrhage of either
mild or moderate severity. The excep
tion, of course, is the presence of stress
ulceration, and patients with this con
dition are clearly best managed by a
very high subtotal gastric resection.
Endoscopy, while of value in expert
hands, is certainly not mandatory for
the proper management of these pa
tients. Similarly, elective arteriography
need not be done on a routine basis.
On occasion, when no lesion has been
found on radiography of the upper gas
trointestinal tract or by endoscopy in
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a patient who continues to bleed, selec
tive arteriography has been invaluable
in locating the site of bleeding. Almost
all patients can be adequately managed
on the basis of history, physical exami
nation and, following resuscitation, up
per gastrointestinal series using the
regular technique.
Having advocated a conservative ap
proach to acute gastrointestinal hemor
rhage, we must review the essentials of
non-operative management. Absolute
rest is the key to success. Obviously
resuscitation should be carried out as
promptly as possible. All investigations
should be completed within a few hours
of admission. A Levin tube is passed
only to determine if there is blood in
the stomach and it is then removed.
The patient is given sufficient mor
phine at four- to six-hour intervals to
relieve his apprehension and to keep
him resting quietly for 48 hours. Hour
ly milk and antacid are encouraged dur
ing this time if he is awake. During
this period the patient should not be
repeatedly examined or stimulated in
any other way, except to monitor his
vital signs at appropriate intervals.
Unless a patient has been treated in
this way, he has not been given an ade
quate trial of conservative manage
ment.
With the exception o f diffuse ulcera
tion of the stomach, no special men
tion has been made of the type of lesion,
as this has no bearing on whether or
not an emergency operation is indicated.
It does influence the decision as to
whether elective operation during the
same admission is indicated, and this
is discussed briefly below.
It is well established that patients
who bleed after admission to hospital
for other reasons are at very high risk.
Twenty-four patients in this series had
onset of bleeding after admission and
14 died. It is impossible to be specific
in this heterogeneous group o f seri
ously ill patients, but obviously they
tolerate hemorrhage poorly, and, if at
all possible, operation before the mas
sive stage is advisable.
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Indications for Operation
Emergency operation is indicated for
any patient with impending or estab
lished massive hemorrhage. This ap
plies regardless o f the type of lesion,
and also to the occasional patient whose
site of bleeding has not been deter
mined. Oversewing the bleeding point,
together with vagotomy and pyloro
plasty, is advocated for bleeding duo
denal ulcer. Gastrectomy with resection
of the ulcer is recommended for gastric
ulcer, and high gastric resection is in
dicated fo r diffuse stress ulceration.10
Elective operation during the same
admission is indicated following non
operative control of moderate bleeding
from duodenal ulcer if there has been
a previous hemorrhage or other com
plication of the ulcer. Elective opera
tion during the same admission is also
indicated fo r radiologically proven gas
tric ulcer.
Sum m ary
A series of 1231 patients with acute
upper gastrointestinal hemorrhage ad
mitted to the Toronto Western Hospital
from January 1959 to December 1971
has been reviewed. The data presented
show that in most cases upper gastro
intestinal hemorrhage will stop without
surgical intervention. A total of 1123
cases of mild and moderate hemorrhage
with a mortality of 1 .2 % support this
contention. In sharp contrast is the
high mortality rate (nearly 5 0 % ) in
patients
with
massive hemorrhage
treated non-operatively. This was re
duced to two deaths out of 14 opera
tions (1 4 .3 % ) for massive hemorrhage
during the last three years of the
study when this occurrence was con
sidered the primary indication for
emergency operation. Age is shown to
have a profound influence on mortality.
There was no difference in mortality
between vagotomy with pyloroplasty
and gastric resection. A viewpoint
with regard to investigative procedure
and conservative management is out
lined. Indications for emergency opera
tion and elective operation during the
same admission are discussed.
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R esum e
Nous avons passe en revue une serie de 1231
cas d’hemorragie aigue du tube digestif superieur qui avaient ete traites au Toronto
Western Hospital de janvier 1959 a decembre
1971. II appert de ces donnees statistiques
que, dans la majorite des cas, cette hemorragie cesse sans intervention chirurgicale.
Cette affirmation est confirmee par le fait
que 1123 cas d’hemorragie legere ou moderee
n’ont ete frappes que d’une mortalite de
1.2%. Par contre, chez les malades soufifrant
d’une hemorragie massive et qui n’avaient
pas_ ete operes, la mortalite etait tres elevee
(pres de 50%). Cette mortalite a pu etre
reduite a deux deces sur 14 operations (14.3%)
pratiquees pour hemorragie profuse pendant
les trois dernieres annees de l’etude, quand
on considerait qu’il s’agissait d’une indica
tion majeure pour une intervention d’urgence.
L’age du malade influence profondement le
taux de mortalite. Quant a la technique em
ployee, on n’a note aucune difference sensible
de la mortalite entre la vagotomie avec pyloroplastie et la resection gastrique. L’auteur
donne son point de vue personnel sur la methode d’examen et le traitement eonservateur.
II expose egalement les indications pour l’operation d’urgence et l’operation elective au
cours de la meme periode.
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OF LUNG

RELATION OF BRONCHIAL ARTERIAL CIRCULATION,
AND OTHER FACTORS, TO THE TRANSIENT DEFECT
IN OXYGEN UPTAKE FOLLOWING AUTOTRANSPLANTATION
OF THE CANINE LUNG*
M. J. A N D R E W S, M .B .f and F. G. PEAR SON, M.D., B .Sc.(M ed.),
F.R .C .S.[C ], F.A.C.S.,J Toronto, Ont.
T h e r e are now a number of reported
cases of human lung transplantation,1'6
which have recently been reviewed by
Wildevuur and Benfield .7 Only one pa
tient has survived for longer than one
month after operation.6 The problems
of rejection and infection in the trans
planted lung are as yet unsolved and
are being intensively investigated. Ex
perimental lung reimplantation (auto
transplantation) allows a study of lung
function uncomplicated by rejection.
Relatively little attention has been di
rected towards the functional capacity
of the autotransplanted lung during the
first few weeks after operation.
Of numerous reports of experimental
lung reimplantation,8'28 only a few13'15’
it. is, so, 22,26,28 jnc]uc|e studies of pul
monary function during the early post
operative period. Duvoisin et aV2i 18
reported that oxygen uptake in the
reimplanted lung, as determined by
differential bronchospirometry, is de
pressed initially and, in the absence of
structural defect, tends to return to
wards normal within two to six weeks.
They observed a good correlation be
tween persistently decreased pulmonary
function and the presence of structural
defects.
Earlier studies in our own labora
tory 26 examined the effect of division
of the bronchial arterial circulation on
oxygen uptake. The bronchial arterial
circulation was completely interrupted
by radical hilar stripping with division
of the bronchus. Using serial, selective
bronchial arteriography in the post
operative period, it was observed that
vigorous bronchial arterial flow was
* Supported by Grant 123 from the Ontario
Cancer Treatment and Research Foundation.
{Research Fellow, Department of Surgery,
University of Toronto, Toronto, Ont.
{Associate Professor, Department of Surgery,
University of Toronto; Head, Division of
Thoracic Surgery, Toronto General Hospital.

re-established within four to six weeks.
Oxygen uptake diminished in the oper
ated lung of these animals, but returned
to normal within six weeks, coincident
with regeneration of the bronchial
arterial circulation. We subsequently
observed an identical pattern of bron
chial arterial regeneration after reim
plantation of the canine lung.26 In this
study, oxygen uptake was reduced by
about 45 % of the preoperative value as
determined by differential bronchospi
rometry, again returning to normal
within four to six weeks of operation.
In both of these studies regeneration
of the bronchial arterial circulation co
incided with resolution of a transient
defect in oxygen uptake, and the possi
bility was considered that deprivation
of the bronchial arterial circulation
might be responsible for the observed
transient defect in oxygen uptake.
To clarify this speculation various
experimental models were designed to
identify those components of lung re
implantation responsible for the tran
sient defect in oxygen uptake, with
particular attention to the role of the
bronchial arterial circulation.
M a t e r ia l s

and

M

ethods

Bronchospirometry
Oxygen uptake and minute ventila
tion were determined by differential
bronchospirometry using a GaenslerCollins double spirometer specially
modified for canine use. The separation
of gas samples from the right and left
lungs was effected in most animals by
the use of a silicone rubber tracheal
divider developed by Benfield, Coon and
Cree29 for canine bronchospirometry.
The Kottmeier endobronchial canine
catheter (Rusch product) was used in
some animals. All animals had a pre
operative study to determine the ease
of placement of the tracheal divider,

98

THE CANADIAN JOURNAL OF SURGERY

and those few animals which proved
difficult to intubate were excluded from
further study. In suitable animals
spirometry was repeated preoperatively
(day of operation), immediately postoperatively and at three, seven, 14, 28
and 42 days after operation. Recording’s
were taken with the dog supine, using
thiopental sodium (Pentothal) anes
thesia, 20 mg./kg. body weight, and
premedication with atropine sulfate
0.4 mg. subcutaneously to minimize
bronchial secretions. The dogs were
breathing spontaneously.
Peripheral arterial oxygen tension
(Pa02), carbon dioxide tension (PaC02)
and pH were measured at the time of
bronchospi rometry (Instrumentation
Laboratory pH/gas analyzer—model
113). The condition of the bronchial
anastomosis, i.e. the development of
stenosis, and the ischemic mucosal
changes distal to the anastomosis were
recorded by repeated bronchoscopy.
Operative Details
Mongrel dogs weighing between 15
and 22 kg. were premedicated with
atropine sulfate (0.4 mg. subcutaneous
ly) and anesthetized with thiopental
sodium (Pentothal) in a dosage of 30
mg./kg. body weight. Animals were
ventilated with a piston respirator
(Harvard respirator pump) during the
operation. Eight different experimen
tal models were studied.
Group I. Controls.—In 11 dogs which
were not operated upon, bronchospirometry was performed at the same time
intervals as in the operated dogs. This
study assessed the effects of repeated
episodes of general anesthesia and
bronchospirometry on oxygen uptake.
Group II. Controls.—In seven dogs
left thoracotomy was performed under
sterile conditions through the fifth
intercostal space; the chest was left
open for a two-hour period.
Group III. Left thoracotomy without
ventilation of the left lung.—In nine
dogs a left thoracotomy was done but
only the right lung was ventilated dur
ing a li/ 2 -bour period of open thoraco
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tomy. The right lung was ventilated
using the tracheal divider and a dual
piston Harvard respirator; in this study
the left lung remained unventilated and
collapsed.
Group IV. Left thoracotomy and oc
clusion of pulmonary artery and pul
monary veins for i y 2 hours with con
tinued aeration of lung.—In nine dogs
subjected to left thoracotomy the pul
monary artery and pulmonary veins
were occluded with bulldog clamps for
1V2 hours. Both lungs were ventilated
during this procedure. This model was
designed to assess the effects of pul
monary vascular ischemia as opposed
to systemic arterial ischemia, since
the lung was still supplied with bron
chial arterial blood.
Group V. Left thoracotomy and oc
clusion of the pulmonary artery and
pulmonary veins for iy2 hours—lung
unventilated.—In eight dogs the experi
mental model was identical to that used
in Group IV except that the left lung
remained unventilated during the ll/2hour period of pulmonary vascular oc
clusion. Again, unilateral ventilation
was effected with a dual piston Har
vard respirator through the tracheal
divider.
Group VI. Left thoracotomy with oc
clusion of pulmonary artery, pulmonary
veins and bronchus for 1 </> hours.—
In nine dogs after left thoracotomy the
pulmonary artery and pulmonary veins
were occluded by bulldog clamps for
iy 2 hours, and the left main bronchus
was occluded with a Satinsky clamp
for the same period of time. This ex
perimental model was designed to evalu
ate the effect of a li/^-hour period of
total lung ischemia since both the pul
monary and bronchial arterial circu
lations were temporarily occluded.
Group VII. Left thoracotomy with
radical hilar stripping and division of
left main bronchus.—In 16 dogs at
left thoracotomy the left main bronchus
was divided along with the bronchial
arteries, pulmonary lymphatics and
autonomic nerves. A radical hilar strip
ping, as described by Stone et al.,30 was
included leaving only the bare pul-
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monary artery and veins. The bron
chus was anastomosed with a continu
ous suture of 4-0 chromic catgut
and the left hemithorax remained open
for a two-hour period. This model was
designed to assess the effect of com
plete and prolonged interruption of
the bronchial arterial circulation. This
was unavoidably associated with divi
sion of the autonomic nerve supply and
the pulmonary lymphatics.
Group VIII. Left thoracotomy with
radical hilar stripping and division of
left main bronchus, and occlusion of
pulmonary artery and pulmonary veins
fo r 1 \ 2 hours.— In 22 dogs occlusion
o f the pulmonary artery and pulmonary
veins for U/2 hours was added to model
VII (radicaf hilar stripping and divi
sion of left main bronchus). This model
was designed to reproduce the injury
o f lung reimplantation without the
hazard of producing structural defects
at the vascular anastomosis.
Postoperative Details
An intravenous injection of 275 mg.
o f Reverin (Hoechst Pharmaceuticals)
was given immediately before opera
tion. Antibiotics were not given rou
tinely after operation.
Under general anesthesia each dog
was bronchoscoped and immediately
afterward differential bronchospirometry was performed at the intervals
previously indicated. This permitted
aspiration of accumulated bronchial
secretions which might have affected
the accuracy of the subsequent record
ing. In those animals with a divided
bronchus, bronchoscopy permitted an
assessment of the condition of the
anastomosis and a gross evaluation of
ischemic changes in the mucosa. Once
stenosis developed at any bronchial
anastomosis no further spirometry
recordings were included in this study.
Selective bronchial arteriography
(Seldinger technique) was used to
assess the patency of the bronchial ar
terial circulation in the three groups
o f animals in which this circulation
was either temporarily occluded or di
vided. In two dogs from Group VI (oc

99

clusion of pulmonary artery, pulmonary
veins and left main bronchus) a bron
chial arteriogram was obtained before
operation; arteriography was repeated
one day after operation in one animal
and two days after operation in the
other. Selective bronchial arteriograms
were obtained more than one month
after operation in two animals from
Groups VII and VIII (complete division
of the bronchial arterial circulation).
Autopsies were performed on the
dogs that died or were sacrificed dur
ing the period of study.
R esults

Mortality and Morbidity
Mortality and morbidity for each of
the study groups are recorded in Table
I. It is evident that there was an exces
sive morbidity and mortality due to
ischemic changes at, and distal to, the
bronchial anastomosis in both groups
of dogs (VII and V III) in which the
bronchial arterial circulation was com
pletely interrupted for a prolonged pe
riod. Of 16 dogs (Group V II) under
going radical hilar stripping and divi
sion of the left main bronchus, four
died from dehiscence of an ischemic
anastomosis and four others developed
a fibrous bronchial stricture. Of 22 dogs
in Group VIII undergoing radical hilar
stripping, division of the left main
bronchus and occlusion o f pulmonary
artery and pulmonary veins for 11/2
hours, nine died with dehiscence o f an
ischemic bronchial anastomosis, and
six went on to develop fibrous bronchial
strictures. Once bronchial stenosis was
recognized endoscopically, results of
further spirometry studies were ex
cluded from the data.
In the remaining dogs, all of which
survived to six or more weeks in good
health and without structural ana
tomical changes, all of the planned pre
operative and postoperative spirometry
studies were satisfactorily completed.
Broncho spirometry
Preoperative results.— Fig. 1 illus
trates a typical tracing obtained at
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TABLE I. M ortality

and

M orbidity

of

D ogs

in the

E xperimental G roups Studied

M ortality

N o.
o f dogs
under
going
operation

Group

I

Control

II

P neum onia

A sp ira tio n

N o.
o f dogs D ay

N o.
o f dogs D ay

l

M orbidity
R u p tu re o f
ischemic
bronchial ana
stomosis
N o.
of dogs

D ay

Bronchial
anastomotic
stenosis
No.
of dogs D ay

S a tis
factory
6-week
survivors

11

1

5

10

Left thora
cotomy with
continued
ventilation
of both lungs

7

1

3

6

III

Left thora
cotomy without
ventilation of
left lung

9

2

2
2

1

1

6

IV

Left thoraco
tomy, occlusion
of PA, PV with
continued
aeration of
lung

9

2

3
3

1

1

6

V

Left thora
cotomy, occlu
sion of PA,
PV, lung un
ventilated

8

2

7
7

6

VI

Left thora
cotomy, occlu
sion of PA, PV
and bronchus

10

2

3
5

8

VII

Left thora
cotomy, radical
hilar stripping,
division of left
main bronchus

16

2

1
3

22

5

2
2
5
5
6

V III Left thoraco
tomy, radical hi
lar stripping,
division of left
main bronchus,
occlusion of PA
PV

2

1
1

4

3
3
7
7

4

14
14
28
28

6

9

2
2
3
3
3
3
3
7
14

6

14
14
14
14
14
14

0*

Iniro°mpWr1Itr i1rfr1« 0UP “ faCt survived to six weeks but had stenosis and were not satisfactory for broncho-

bronchospirometry. Tracings were ana
lyzed to obtain the minute ventilation
(V , in millilitres) and oxygen uptake
(VO, in millilitres per minute) for the
right and left lungs. The method of
deriving these values is also shown in
Fig. 1.
The results obtained in 236 tracings

from 118 normal mongrel dogs are sum
marized in Table II. Each dog had two
spirometric studies performed before
operation on separate days. It was then
possible to calculate the error of con
secutive bronchospirometry studies. The
first preoperative tracing was taken as
normal and V and V 02 for the left
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Fig. 1.—Representative tracing obtained at differential bronchospirometry showing the
method of derivation of percentage contribution of each lung to the total minute ventilation
(VE) and total oxygen uptake (V 02).

the first tracing. An example is illus
trated in Table III.
From these percentage changes the
standard deviation for the method of
bronchospirometry was calculated for
118 normal dogs. These results are sum
marized in Table IV.

lung were expressed as a percentage
of the total value. VE and V 0 2 values
obtained from the second preoperative
study were also expressed as a percent
age of the total value, and the differ
ence between the V E and V 0 2 was then
expressed as a percentage change from

TABLE I I — R esults Obtained F rom 236 B ronchospirometric T racings

Left lung

Right lung
SD

Range
(%)

Mean
(%)

SD

56.5

4.25

31-50

43.5

4.25

62

4.8

25-49

38

4.8

Range
(%)

Mean
(%)

Ve — percentage of total

50-69

VO2 — percentage of total

51-75

TABLE III.— E xample

M ethod U sed to C alculate the P ercentage C hange
B ronchospirometric T racings

of the

Minute ventilation
Ve

(% )

in

C onsecutive

Oxygen uptake
VO2
(%)

First value (percentage of total)

49

47

Second value (percentage of total)

45

45

Difference
Percentage
change

-4
4/49 x 100
= 8.2

-2
2/47 x 100
= 4.3
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TABLE IV.—Standard D eviation

Vol. 16

of the P ercentage C hange A nalyzed F rom B ronchospirometric
T racings Obtained in 118 D ogs

Range of percentage
change from pre
operative value

Mean of percentage
change

Standard
deviation
10.55

Minute ventilation
VE

+ 41.0
to
- 22.0

+ 1.15

Oxygen uptake
VO2

+ 37.0
to
- 17.0

-

1.33

7.8

Postoperative results.— In each of developed in any animal showing pro
the eight groups of dogs the spirometry longed ischemic changes in the mucosa
tracings obtained immediately after op distal to the anastomosis. These find
eration and at three, seven, 14, 28 and ings were also confirmed at autopsy.
42 days were analyzed, and V 0 2 and VE
POo and P C 02 Values
for the left lung were expressed as per
centage changes from the initial pre
There was no variation in these
operative values. Tables V and VI and values of statistical significance in any
Figs. 2 and 3 summarize these results. of the eight groups studied at any time
during the six-week period of follow
Bronchoscopic Findings
up.
Bronchoscopy was performed on each
Selective Bronchial Arteriography
occasion just before bronchospirometry.
In those dogs in which the left main
From preoperative and postoperative
bronchus was divided (Groups VII and arteriograms obtained from one of the
VIII) gross accumulations of mucoid dogs subjected to occlusion of the pul
secretions were frequently observed, monary artery, pulmonary veins and
particularly during the first week. left main bronchus, it was evident that
Bronchoscopy on these occasions was there was no difference in the angio
therapeutic, and also essential to ob graphic appearance of the bronchial
taining a more accurate spirometric circulation within one day of bronchial
study. Retained secretions were also occlusion with a Satinsky clamp.
observed at autopsy in animals dying
In a selective bronchial arteriogram
during the first week after operation. obtained more than one month after
The secretion tended to accumulate dis operation in one of the dogs subjected
tal to the anastomosed bronchus and to radical hilar stripping with division
frequently extended throughout the of the left main bronchus the bronchial
major and into the minor bronchial arterial circulation appeared normal.
divisions.
Following division of the bronchus,
D is c u s s io n
ischemic changes were observed in the
Mortality and Morbidity
mucosa distal to the level of anastomosis
in some animals in both Groups VII
There was a high postoperative mor
and VIII. This change, however, was tality from pneumonia (17 of 92 dogs
not uniform and appeared unpredicta — 18.5%). The apparently high inci
ble. Ischemia was characterized by dence of this complication was due in
cyanosis and edema, and in some of the part to an endemic viral respiratory
animals in Group VIII (subjected to infection which intermittently plagued
maximal ischemia) actual necrosis and the dog colony during the period of in
ulceration of the mucosa were apparent. vestigation. Four animals died from
Bronchial stenosis almost inevitably massive aspiration of gastric contents

TABLE V.—O xygen U ptake (V 02)—M ean P ercentage C hange F rom P reoperative Values
Immediate
preop.

E ight E xperimental G roups

14 days
postop.

28 days
postop.

42 days
postop.

Immediate
postop.

3 days
postop.

7 days
postop.

+ 1.7

- 2.7

- 5.0

-

- 3.7

+ 2.7

- 2.1

- 4.9

-

-

1.7

3.2

- 5.9

I.

Control

- 4.2

II.

Left thoracotomy with continued
ventilation of both lungs

- 0.6

+ 19.7
(0.001 P 0.001)

III.

Left thoracotomy without vent
ilation of the left lung

+ 0.6

+ 6.0

-

1.4

- 7.1

- 0.7

-

1.5

+ 0.3

IV.

Left thoracotomy, occlusion of
PA. PV with continued aeration
of lung

- 0.7

- 7.6

- 2.5

- 0.2

+ 5.0

+ 6.2

+ 3.5

V.

Left thoracotomy with occlusion
of PA, PV, with lung unventil
ated

- 5.9

- 9.5

- 8.5

-1 1 .6

- 9.2

- 2.6

- 3.4

VI.

Left thoracotomy, occlusion of
PA, PV and bronchus

*

*

- 0.5

—25.2
(o.oi p oTcoi)

-2 6 .6
(0.01 P 0.001)

VII.

Left thoracotomy, radical hilar
stripping, division left main
bronchus

-

1.9

*

*

-

1.3

-3 1 .9
(0.001P)
P = 0.C01

*

*
-2 2 .3
(P = 0.001)

*

*

13.1
(P = 0.01)

- 9.9
(0.01 P 0.001)

- 7.6
(P = 0.01)

- 3.3

* -3 6 .0
(0.001 P)
P = 0.001

* -2 1 .9
(0.01 P 0.C01)
P = 0.001

* -1 3 .5
(P = 0.01)

- 6.5

*

*

*

-5 3 .2
(P = 0.001)

-5 1 .4
(P = 0.001)

-4 4 .2
(P = 0.001)

-
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*Values are of statistical significance.

-2 0 .6
(0.001 P)
P = 0.001

1.3
A U T O T R A N SPL A N T A T IO N O F L U N G

VIII. Left thoracotomy, radical hilar
stripping, division of left main
bronchus with occlusion of PA
and PV

*

M arch 1973

Group

in the

TABLE VI.

M inute Ventilation (Ve) — M ean P ercentage C hange F rom P reoperative Values

Group

Immediate
preop.

in the

E ight E xperimental G roups

Immediate
postop.

3 days
postop.

7 days
postop.

14 days
postop.

28 days
postop.

42 days
postop.

Control

+ 1.7

+ 1.2

+ 2.4

+ 1.4

+ 2.3

+ 4.3

+ 0.9

II.

Left thoracotomy with continued
ventilation of both lungs

+ 5.8

+ 4.3

+ 5.7

+ 5.5

+ 3.7

+ 8.2

+ 6.2

Left thoracotomy without vent
ilation of the left lung

+ 10.9

+ 5.8

+ 3.9

- 2.5

+ 2.6

+ 8.6

+ 2.6

Left thoracotomy with occlusion of
PA, PV with continued aeration
of lung

+ 0.1

+ 2.8

- 0.4

- 5.0

+ 5.7

+ 7.6

+ 4.7

Left thoracotomy with occlusion
of PA, PV, with lung unvent
ilated

+ 1.5

- 4 .9

- 5.5

- 6.4

- 0.5

+ 4.2

- 2.3

-1 4 .2

-1 3 .1
P=0.01

- 7.3

- 8.8

- 2.1

- 4.5

- 6.6

-

-

III.

IV.

V.

VI.

VII.

Left thoracotomy with occlusion
of PA, PV and bronchus

*
-

1.1

+ 1.8

VIII. Left thoracotomy, radical hilar
stripping, division of left main
bronchus with occlusion of PA
and PV

+ 2.0

*Values are of statistical significance.

1.3

- 6.5

*
-1 1 .8
0.01 P 0.001

*
-1 8 .4
P = 0.001

*
—15 5
o.oi p o.ooi

-1 0 .8

*
-4 1 .7
P = 0.001

*
-3 8 .4
P = 0.001

*
-3 7 .6
P = 0.001

Vol. 16

Left thoracotomy, radical hilar
stripping, division of left main
bronchus

-
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Fig. 2.—Graphical representation of the data
presented in Table V — the mean percentage
change from preoperative values of the oxygen
uptake ( V 0 2) in the eight experimental groups
of animals.

on the first or second postoperative
day; the reason for this fatal complica
tion was obscure.
There was no other cause of signifi
cant morbidity or mortality in those
animals from Groups I to VI. In Groups
VII and VIII, however, there was a
very high incidence of morbidity and
mortality due to complications result
ing from ischemic changes in the wall
of the bronchus distal to the bronchial
anastomosis. These ischemic changes
occurred only in the two groups of
animals in which the bronchial arterial
circulation, along with the bronchus,
was completely divided (not just tem
porarily occluded). In Group VII
(radical hilar stripping and division of
left main bronchus) eight of 16 dogs
developed significant ischemic changes
beyond the bronchial anastomosis. In
four animals these resulted in de-

Fig. 3.—Graphical representation of the data
presented in Table VI— the mean percentage
change from preoperative values of the minute
ventilation (V E) in the eight experimental
groups of dogs.

hiscence of the anastomosis and death
within seven days of operation. In
four other dogs a non-fatal but signifi
cant bronchial stenosis developed at
some time after the second postopera
tive week. Ischemic changes in the
bronchial wall distal to the anastomosis
were readily evident at endoscopic
examinations done before the develop
ment of stenosis.
In Group VIII animals (radical hilar
stripping, division of left main bron
chus and occlusion of pulmonary artery
and pulmonary veins for 1
hours)
15 of 22 animals suffered morbid or
fatal complications due to ischemic
changes in the bronchus; nine dogs died
owing to rupture of an ischemic bron
chial anastomosis and six dogs devel
oped a bronchial stricture more gradu
ally within two weeks of operation.
Since a further seven animals in Group
VIII died during the first postoperative
week from pneumonia or aspiration,
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no satisfactory animals were available
for study after the second postoperative
week. All six animals which survived
beyond the second postoperative week
had bronchial strictures which pre
cluded acceptable bronchospirometry.
The mortality in this group of dogs
was higher than would have been ex
pected from our own previous experi
ence with lung reimplantation.
Duvoisin et al.27 had a 36% mortality
after lung reimplantation, the single
most common cause of death being
bronchial necrosis. Seven of 94 dogs
died from this cause, and 33 of 60 oper
ative survivors developed partial or
complete bronchial strictures. They
related the high incidence of bron
chostenosis to the level of division and
reanastomosis of the bronchus. Divi
sion close to the carina appeared more
likely to lead to bronchostenosis, a point
we had observed and attempted to
avoid by making our division and re
anastomosis of the bronchus at a more
distal level near the origin of the upper
lobe bronchus.
In our study the l^j-hour period of
complete circulatory occlusion is com
parable to what occurs in lung reim
plantation and we assume that the
higher mortality in Group VIII animals
was due to the added insult of a totally
anoxic period in an uncooled lung.
Results of Bronchospirometry
Preoperative controls.—Analysis of
the 236 tracings from normal dogs
showed that the method of differential
bronchospirometry gave reproducible
results. The mean values obtained for
these normal controls were as follows:
the left lung contributed 43.5% of total
ventilation and 38% of total oxygen
uptake. These values are similar to
those obtained by Benfield, Coon and
Cree.29 The reproducibility of the meth
od was assessed by estimation of the
percentage change between the first
and second preoperative readings in the
118 dogs studied. The mean percentage
change in ventilation (V E ) was+1.2%,
with a standard deviation of 10.6. The
mean percentage change in oxygen up
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take (V 02) was 1.3% with a standard
deviation of 7.8.
Postoperative studies.—There was
no statistically significant change in
oxygen uptake or ventilation for the
operated lung in the following groups:
(1) controls; (2) thoracotomy (except
in the immediate postoperative period) ;
(3) thoracotomy with unventilated left
lung; (4) occlusion of pulmonary ar
tery and pulmonary veins with con
tinued ventilation of the left lung; (5)
occlusion of pulmonary artery and pul
monary veins with unventilated left
lung.
It is apparent that, individually, re
peated general anesthesia (control
group), thoracotomy, transient ( 11/9
hours) occlusion of the pulmonary cir
culation, and lack of ventilation of the
operated lung do not produce any tran
sient defect in gas exchange. In Group
II (thoracotomy) a 20% increase in the
contribution to total oxygen uptake oc
curred on the side of operation at the
first postoperative recording (P =
0.001). At present we are unable to
explain this finding, particularly since
ventilation was unchanged from pre
operative values and thoracotomy was
common to all other operative models.
Occlusion of the pulmonary artery,
pulmonary veins and left main bron
chus for 11/2 hours (Group VI) resulted
in a statistically significant decrease in
the contribution to total oxygen uptake
on the operated side; this defect was
present immediately after operation
and became maximal at three days,
persisting as a small but significant
defect up to 28 days. We assume that
the observed defect is the result of a
transient cessation of both pulmonary
and bronchial arterial flow to pul
monary tissues. In these same Group
VI dogs a defect in the contribution to
total ventilation for the left lung was
also observed. The magnitude of this
defect closely parallels that of oxygen
uptake (except during the first three
postoperative days) and it appears
probable that defective gas exchange
in this group is closely related to im
paired ventilatory function.

March 1973

107

AUTOTRANSPLANTATION OF LUNG

In Group VII animals (radical hilar
stripping with division o f the left main
bronchus) a significant decrease in the
contribution to total oxygen uptake for
the left lung occurred immediately
after operation, became maximal at
seven days, persisted at 28 days and
became normal by 42 days. Although
the defect in ventilation in these Group
VII dogs parallels the defect in oxygen
uptake, the latter is considerably great
er. The defect in oxygen uptake in
Group VII is greater and more pro
longed than in Group VI (Fig. 2), while
the defect in ventilation is almost iden
tical in both groups (Fig. 3). The
greater defect in oxygen uptake in
Group VII appears to be the result of
the additional injury created by division
of the bronchus which completely in
terrupts the bronchial arterial circula
tion, the bronchial lymphatics and
nerves.
It appears, therefore, that a short
period of interrupted bronchial arterial
flow (bronchial clamping for 1
hours) is associated with a parallel de
fect in ventilation and oxygen uptake.
Complete division of bronchial arterial
flow (hilar stripping plus division of
bronchus) is associated with a defect
in ventilation of similar magnitude and
a much larger defect in oxygen uptake.
Both bronchial clamping and division
of the bronchus result in injury to the
pulmonary nerves and lymphatics as
well, and it has not been possible to
distinguish the effects of these three
factors in this study. One may speculate
that effective bronchial arterial flow
is the most significant of these factors
for the following reasons: a return of
function in pulmonary autonomic nerves
cannot be demonstrated earlier than
about one year after their division
31
regeneration of lymphatic channels in
the bronchus can be demonstrated with
in one week in the autotransplanted
dog lung;32 regeneration of the divided
bronchial arterial circulation is the on
ly factor that coincides with the re
turn to normal of ventilation and oxy
gen uptake in the transplanted lung.
The way in which deprivation of

bronchial arterial circulation to the
lung produces a defect in oxygen up
take must be speculative since we have
no definitive data. One may postulate
that loss of bronchial arterial flow may
adversely affect mucociliary transport
if damage to the ciliated epithelium of
the bronchi and bronchioles results.
Defective mucociliary transport might
lead to ventilation-perfusion defects in
the lung periphery. The period of total
lung anoxia in an uncooled lung in
Group VIII animals might also ad
versely affect mucociliary transport.
Su m m a r y

and

C oncl us ions

Previous studies in our laboratory
demonstrated a transient defect in gas
exchange in the autotransplanted ca
nine lung. The present study was
undertaken to clarify the mechanisms
responsible for this defect. Eight dif
ferent experimental models were de
signed, each o f which reproduces one
or more of the component parts of the
autotransplant procedure. Gas exchange
was determined by differential bronchospirometry using the opposite, un
operated lung as a control. Two studies
were done preoperatively, and postop
erative studies were made immediately
after the procedure and at three, seven,
14, 28 and 42 days. Gross changes at the
bronchial anastomosis and in the mu
cosa distal to this point were observed
by bronchoscopy at the time of each
bronchospirometry study. In some
dogs the bronchial arterial circulation
was examined preoperatively and postoperatively by selective bronchial ar
teriography (Seldinger technique).
The method of bronchospirometry
used gave results that were reprodu
cible.
There was no statistically significant
change in either oxygen uptake or min
ute ventilation in the operated lung in
the control animals or in the groups
subjected to the following: (1) thora
cotomy; (2) thoracotomy with unventilated lung; (3) occlusion of pul
monary artery and pulmonary vein
with continued ventilation of the lung;
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(4 ) occlusion of pulmonary artery and
pulmonary vein with unventilated lung.
Complete division o f the bronchial
arterial circulation (radical hilar strip
ping plus division of the bronchus) was
associated with a high incidence of
ischemic necrosis in the proximal
bronchus (early) and stenosis at the
bronchial anastomosis (late).
Only
those
experimental
models
which
either
temporarily
occluded
(bronchial clamping) or completely
divided the bronchial arterial circula
tion resulted in any significant defect
in minute ventilation or oxygen uptake.
Although the same experimental models
which create defective bronchial ar
terial flow also injure the pulmonary
lymphatics and nerves, indirect evi
dence suggests that the derangement
in bronchial arterial flow is the most
significant o f these three factors.
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R esum e
Des etudes anterieures effectuees dans notre
laboratoire avaient mis en evidence un trou
ble transitoire des echanges gazeux au cours
d’une autoplastie pulmonaire chez le chien.
La presente etude a ete entreprise pour en
clarifier les mecanismes. Nous avons, a cet
effet, cree huit modeles experimentaux differents dont chacun reproduisait un certain
nombre de facteurs en jeu dans le processus
d’autoplastie. Les echanges gazeux ont ete
mesures par bronchospirometrie differentielle,
l’autre poumon non opere servant de temoin.
Deux etudes ont ete faites avant 1’operation
et les etudes postoperatoires ont ete faites
immediatement apres l’operation, puis apres
un delai de trois, sept, 14, 28 et 42 jours. Nous
avons observe des modifications macroscopiques au niveau de l’anastomose bronchique
et de la muqueuse distale de ce point, et ce par
bronchoscopie au moment de l’examen bronchospirometrique. Chez certains animaux,
nous avons examine la circulation arterielle
des bronches, avant et apres 1’operation, par
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une arteriographie bronchique selective (tech
nique de Seldinger).
Les resultats obtenus de la methode bronchospirometrique etaient reproductibles. On
n’a pas note de difference notable, ni dans la
saturation d’oxygene ni dans la ventilation
minute, au niveau du poumon opere ou chez
les groupes d’animaux soumis aux operations
suivantes: (1) thoracotomie, (2) thoracotomie
avec poumon non ventile, (3) occlusion de l’artere pulmonaire et de la veine pulmonaire
sous ventilation continue du poumon, (4) oc
clusion de l’artere et de la veine pulmonaires
sans ventilation pulmonaire.
La division complete de la circulation arte
rielle bronchique (“stripping” hilaire radical,
plus division de la bronche) a ete frappee
d’une frequence elevee de necrose ischemique
dans la bronche proximale (phase precoce)
et d’une stenose de l’anastomose bronchique
(phase tardive).
Seuls les modeles experimentaux qui realisaient soit l’occlusion temporaire (clampage
bronchique) soit la division complete de la
circulation arterielle bronchique se traduisaient par un trouble significatif de la ven
tilation minute ou de la saturation d’oxygene.
Bien que les memes modeles experimentaux
qui troublaient la circulation arterielle bron
chique aient lese egalement les lymphatiques
et les nerfs pulmonaires, des preuves indirectes permettent de croire que 1’alteration
de la circulation arterielle des bronches est
le plus impoi’tant de ces trois facteurs.
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OPERATION FOR SECONDARY VARICOSE VEINS
J. M. WOODS, M.D., F.R.C.S.[C], F.A.C.S.,* Toronto, Ont.

S imple operations, when successful, al
ways give satisfaction, particularly if
numerous other methods are partial or
total failures.
Treatment of the secondary or tribu
tary varicose veins in the leg for either
prim ary or recurrent dilation has posed
this problem. As a rule the surgeon is
disappointed and the patient annoyed
with the result.
Open operation with excision and
ligation has yielded unsightly and un
satisfactory results. Injection of dif
ferent sclerosing agents by various
techniques is advocated from time to
time. This is soon abandoned by most
clinicians. Subcutaneous coagulation
has not become popular.
Subcutaneous ligation of veins is not
really a new technique. I used it about
*Department of Surgery, Toronto East General
Hospital, 825 Coxwell Avenue, Toronto 13, Ont.

six years ago and later abandoned the
procedure as chromic catgut caused too
much chronic local reaction. Dexon su
ture material has now been used for this
procedure in over 200 legs. As few as
three or as many as 35 ligatures have
been placed in each leg. To date there
has been no morbidity and the local
result is excellent. The method has been
used alone or in combination with ma
jor procedures.
The details of the operation are illus
trated in Fig. 1. Meticulous mapping
and marking in good light are done
before operation. With a marking pen
a small dot is placed on each side
of the vein where ligation is in
dicated. These marks should be approxi
mately 2.5 cm. apart. The region of the
common peroneal nerve is avoided, as
is the dorsalis pedis artery. These
structures are superficial and can be
identified by palpation.
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The operation is done under general
anesthesia and the entire leg is pre
pared and draped. Minute stab wounds
with the point of a No. 15 scalpel blade
are made at the marks. Using 00 Dexon
on a disposable Ferguson round needle
size 8, the vein is under-run, beginning
at one mark and bringing the needle
out at the other mark. The skin over the
vein is then under-run introducing the
needle in the reverse direction and
catching a bit of dermis at each mark.
The suture is then tied tightly at the
point of entry and cut flush with the
skin. Oozing stops immediately and
hematoma never develops. The ligation
results in a double dimple at each sub
cutaneous ligation site. A padded com
pression dressing is applied.
If no other procedure is done the
patient is discharged the same day and
needs only the mildest analgesic. Return
to work the following day is usual.
Bandages are removed in four to five
days and replaced only for comfort.

The postoperative care of more major
vein operations is not altered.
The treated veins thrombose and
atrophy. The process is absorbed within
three months at most. The dimple sites
disappear completely and there are no
scars. The patient, usually a female, is
delighted with the results. Although
it has not been necessary to repeat the
procedure, there would be no difficulty
persuading the patient to return for
“ the no-cut method” .
Sum m ary

The advent of Dexon suture material
has made subcutaneous ligation of
secondary or tributary varicose veins a
simple, uncomplicated and effective
operation. The technique is described.
Resum e
La disponibilite du fil a suture en Dexon a
fait de la ligature souscutanee des varices
secondaires ou tributaires une operation sim
ple, efficace et sans complication. L ’auteur
en decrit la technique.
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EXPERIENCE WITH PERCUTANEOUS CORDOTOMY*
RONALD R. TA SK E R , M.D., F .R .C .S .[C ],f LE SLIE W . ORGAN, M.D.J and
RAMON J. E V A N S , M.B., C.R.C.S.[C],§ Toronto, Ont.
C o r d o t o m y is unquestionably the most
reliable means known for the relief of
intractable pain. However, performed
by any of the open methods, it has seri
ous limitations. Many patients are too
ill to withstand the operation. It is dif
ficult to secure high levels of analgesia
and the failure rate in securing even
low levels of analgesia is moderate.
Mortality and morbidity rates are
significant.
Because it overcomes these difficul
ties, percutaneous cordotomy, intro
duced by Mullan et al.,1 must be con
sidered the outstanding neurosurgical
accomplishment of the last decade. It is
available to any co-operative patient, is
safe, precise and highly successful.
With the encouragement of the Irene
Eleanor Smythe Pain Clinic of the Uni
versity of Toronto, we have embarked
on a comprehensive study of this tech
nique. We have found that success in
percutaneous cordotomy depends on ex
pert neuroleptanalgesia and the use of
the following four technical aids, as
outlined by Taren, Davis and Crosby:2
(1) Radiography using air and posi
tive-contrast myelography to demon
strate the cord and dentate ligament.
(2) A three-dimensional manipulator
for precise control of the electrode.
(3) An electrical impedance monitor
to signal contact and loss of contact
with the cord. Impedance rises abruptly
as the needle impinges on the cord.
(4) A precise protocol for the iden
tification of the spinothalamic and the
avoidance of the corticospinal tracts by
stimulation. Of these four the last is
the most important and is the sub
ject of a separate publication.
‘ Presented at the Annual Meeting of the Royal
College of Physicians and Surgeons of Canada,
Toronto, Ont., January 28, 1972.
•(-Division of Neurosurgery, Toronto General
Hospital, Toronto, Ont.
fDepartment of Physiology, University of To
ronto.
§Irene Eleanor Smythe Pain Clinic, University
of Toronto.

M ethod

Using the lateral approach, and with
the patient under neuroleptanalgesia, a
No. 18 thin-walled lumbar puncture nee
dle is introduced into the C1-C2 space.
Its stilette is replaced with the cordo
tomy electrode, a stainless steel electrolytically etched wire insulated with
Teflon tubing. After myelography, con
tact is made with the cord just anterior
to the dentate ligament, using im
pedance. Threshold stimulation at 2 HZ
is first carried out to determine motor
responses. Then stimulation is repeated
at 100 HZ until a sensory response is
secured.
Ideal responses at 2 HZ include con
tractions of the ipsilateral neck mus
cles, especially the trapezius, at a
threshold of 2 to 3 ma. At 100 HZ ideal
responses include absence of muscle
tetanization with the contralateral ex
perience of warmth or burning at a
threshold below 1 ma. located distally
to the neck, especially in the upper ex
tremity.
Lesions are made at 100 KHZ and 15
to 30 ma. for 30 seconds. Impedance,
stimulation and lesion-making are pro
vided by the OWL cordotomy system
(4634 Yonge St., Willowdale, Ontario).
R esults

After encouraging preliminary ex
perience with 29 freehand operations,
using x-ray alone, we commenced a
study of a series of cases employing all
these technical sophistications. Our
experience with the consecutive proce
dures in this series up to January
1972 is reported here, a total of 78 op
erations, 18, or 23% of which were on
the second side of the spinal cord.
Long-term data on pain relief and
analgesia levels are available from fol
low-up of 51 or two-thirds of these
operations. Seventy-one of the 78 opera
tions were performed for the relief of
pain due to cancer, mostly of the cervix
or rectum.
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Fig. 1.—Seventy-eight percutaneous cordotomies. The incidence of pain location by derma
tome from C2 to S5 is indicated by the black curve. The percentage failure to produce anal
gesia in a pam-afflicted dermatome is indicated by the bars.

It is our experience that successful
cordotomy depends on creating com
plete analgesia to neurologic examina
tion in the dermatome afflicted with
pain, though occasionally pain may be
relieved in the absence of such anal
gesia.
Using the criteria outlined above, it
was possible in the operating room to
locate, and to make an apparently satis
factory lesion in, the spinothalamic
tract in all but three (96% ) of the
operations. Two of the three failures
occurred in totally uncooperative pa
tients and two were, unpredictably, re
lieved of pain.
Dermatomal levels of pain for which
cordotomy was attempted extended
from C2 to S5, being heavily weighted
in the lumbrosacral dermatomes (Fig.
1). The degree of success in produc
ing neurologically detectable analgesia
“ covering” these painful dermatomes
at the time of the patient’s discharge
from hospital is also indicated in Fig.
1. Predictably difficult to achieve in

the high cervical area, analgesia ap
pears most certain in the intermediate
dermatomes. Though not plotted, data
for longer follow-up are comparable.
At the time of discharge 73 (93% )
of our operations had afforded pain re
lief. In four o f the five cases still ex
periencing some pain, the neurological
ly determined level of analgesia failed
to include the painful area.
Dysesthesia or hyperpathia was
present before 13 (16% ) of our opera
tions ; cordotomy afforded relief in nine
or 75% of these. Failure to relieve
these unpleasant experiences was al
ways associated with inadequacy of
level of analgesia.
On the other hand, eight (1 0 % ) of
the operations were followed by some
degree of dysesthesia not present pre
viously. It was of significant degree,
however, in only two ( 3 % ) . Half of
these instances of post-cordotomy
dysesthesia were associated with some
detectable inadequacy of neurologic
analgesia.
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A longer period of follow-up revealed
recurrence of pain after eight out of
51 (16% ) of operations; in those cases
where the information was available
this late failure was associated with an
alteration in analgesic level. Thus both
short- and longer-term relief of pain
and probably of dysesthesia depends
upon achieving adequate levels of anal
gesia.

Vol. l

published series of percutaneous c o r d o 
tomies where initial success has ran ged
from 52% to 82%, mortality from
to 8% and in which leg paralysis h a §
been reported in up to 12%. By c o n 
trast, the more selected group of p a 
tients able to withstand open cord o
tomy have been exposed, according t o
published data, to a significantly lowerinitial success rate and a significantly
higher risk of complications.

C o m p l ic a t io n s

R eferences

The patients whom this series com
prised were in the last stages of their
disease. Sixteen (20% ) of operations
were performed on bedridden patients.
No follow-up examinations were con
ducted after January 1, 1972. The aver
age time after operation to death, to
latest follow-up examination or to
January 1, 1972 was four months.
Major complications were few. Most
patients were discharged home and
many of the bedridden ones became
ambulatory once their pain was re
lieved. There was one death from
pneumonia after bilateral cordotomy
had caused impaired respiratory func
tion. The one instance each of apnea
and of hydrocephalus both responded
to conservative treatment. Bladder im
pairment occurred after three (4%)
operations, after bilateral procedures in
all but one instance.
Minor complications included 17 in
stances of Horner’s syndrome (21%),
five of transient paresis (6%) and one
of transient bladder disturbance (1%).
Sum

m ary

The adoption of a rigorous physio
logic protocol to guide lesion-making is
the most essential feature of the tech
nique of percutaneous cordotomy, the
success of which is absolutely depend
ent on the production of a complete
analgesia of the painful dermatomes.
In our experience a 93% early and 78%
late incidence of pain relief has been
achieved with a 1 % mortality and
minimal morbidity. In only one case
was the operation repeated. These re
sults compare favourably with other

1. Mui.lan S, H arper PV, H ekmatpanah j
e t al: Percutaneous interruption o f
spinal-pain tracts by means of a s t r o n 
tium90 needle. J Neurosurg 20: 9 3 i
1963
2. T aren JA, D avis R, Crosby E C : T a r g e t
physiologic
corroboration
in ste r e o 
taxic cervical cordotomy. J Neurosm-a
3 0 : 569, 1969

Resume
Des 107 operations pratiquees, la m ajority
pour de la douleur d’origine cancereuse, leg
auteurs en etudiant en detail 78 cas consecutifs
dont 18 sur la seconde face du cordon m ed u llaire. L a voie d’acces de la cordotomie percu_
tanee etait laterale (C 1-C 2) sous analgesie
par neuroleptiques au moyen d’une radiographie en deux plans d’un manipulateur a elec
trode
tri-dimensionnelle,
sous
surveillance
electrique de l’impedance, comportant une
stimulation-seuil du cordon medullaire a 2 et
a 100 herz. La stimulation electrique s ’e st
revelee comme le guide le plus precis pour
localiser la lesion: elle a permis de m ettre
au point un protocole precis pour distinguer
le faisceau spino-thalamique et pour eviter le
faisceau pyramidal. Dans 9 6 % des cas, je
faisceau spino-thalamique a ete localise dans
la salle d’operation. Dans 9 3 % des cas, le
soulagement de la douleur etait obtenu au m o
ment du conge du malade et confirme dans
78% des cas apres une plus longue periode
d’examens ulterieurs. La comparaison de la
douleur, dermatome par dermatome, l’analgesie postoperatoire et la dysesthesie nous a
permis d’etablir chez nos malades les territoires de distribution de la douleur, les proba
b ility de realiser l’analgesie a divers niveaux
et de confirmer Tetroite correlation existant
entre le soulagement de la douleur, la dyses
thesie et l’obtention de l’analgesie. Dans notre
serie de cas, nous avons note 1 % de deces
postoperatoire, 1 % d’apnee reversible, 1%
d’hydrocephalie aigue reversible, 3% ((’alte
ration de la fonction vesicale, 10% de dyses
thesie consecutive a la cordotomie, 6 % ,)e
paresie temporaire, 1 % d’alteration vesicale
transitoire et 2 1 % de cas du syndrome de
Horner. Nous n’avons pas note de cas de
paresie notable et persistante. Meme si ia
majorite de ces malades en etaient au stade
terminal de leur maladie et meme si 20%
d’entre eux etaient grabataires, la plupart ont
pu reintegrer leur foyer, une fois la douleur
disparue.
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INJURY TO THE LATERAL LIGAMENT OF THE ANKLE:
A CLINICAL STUDY*
A LLA N E. GROSS, M.D., F.R.C.S.[C] and D A V ID L. MacINTOSH, M.D., F .R .C .S .[C ],

Toronto, Ont.

it necessary to use either local or gen
C o n s id e r a b l e controversy exists re
garding the best treatment of inversion eral anesthesia in taking our stress
injuries of the ankle that produce talar radiographs. The amount of talar tilt
instability or tilt. Three significantly is ascertained by the standard technique
different forms of therapy have been of measuring the angle between lines
advocated: simple strapping, plaster parallel to the articular surfaces of the
immobilization and operative repair.1-4 tibia and the talus during stress.
During the period 1953 to 1968, 1050
T herapy
inversion injuries of the ankle were
seen at the University of Toronto
If there was no significant talar tilt
Health Service. All of these patients the ankle was strapped. If the tilt was
underwent the same clinical assess considered to be significant then a bement and treatment. Acute talar in low-knee walking cast was applied with
stability was demonstrable in 49. We the ankle in a valgus position. This
conducted a detailed follow-up study cast was kept on for six weeks. No
of 25 of these patients in order to operative repairs for acute injuries
evaluate our diagnostic and therapeutic were carried out in the present series.
approach to this problem.
F o llo w -U

D ia g n o s is

The patient comes for attention after
a severe inversion injury. Tenderness
can be elicited over the anterior talo
fibular ligament and the middle calcaneofibular ligament. Clinical instability
may be present and a gap may be pal
pable between the lateral malleolus and
the talus when the ankle is inverted.
Routine radiographs of the ankle
are taken and if these are negative in
version stress radiographs of both an
kles are also obtained. The amount of
talar tilt present in the uninjured ankle
is so variable that normal values are
difficult to establish. Nevertheless its
significance in the injured ankle can
only be appreciated by comparing its
degree with that of the normal side.
If the talar tilt of the injured ankle is
greater, we believe one can conclude
that there has been significant damage
to the lateral ligament. Ankles are inversion-stressed with the knee bent and
the foot in equinus. We have not found
♦From the Division of Orthopedic Surgery,
Department of Surgery, University of Toronto,
Toronto, Ont.
Address for reprints: Dr. A. E. Gross, Suite
405A, 99 Avenue Road, Toronto 180, Ont.

p

S tudy

Twenty-five patients who had ex
hibited a significant acute talar tilt
and were treated as described above,
were examined by both authors. All
were men of university age and most
had been injured in sports. Follow-up
examination took place from less than
one year to 14 years after the injury
(Table I).
TABLE 1.—T ime Between I njury' and F ollow Up Examination

Time

6 to 12 rr.os..........................................
1 to 5 yrs..............................................
6 to 10 yrs............................................
over 10 yrs............................................

N o. o f
patients

3
11
6
5

The patients were questioned specif
ically about pain, swelling, instability
of the joint and limitation of activity.
They were also asked whether they
found it necessary to strap their ankles
before taking part in athletic activities.
In the examination the presence of
tenderness, swelling, or instability was
noted. Inversion stress radiographs
were taken and compared with those
obtained at the time of injury (Fig.
1 ).
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Fig. 1. —Inversion stress radiographs o f the left ankle o f an 18-year-old patient (a) within
one hour o f injuring the ankle while playing basketball; (b) 11 years after the injury. The
patient was asymptomatic.
R esults

The results are set forth in Table II.
0(ur object was to evaluate a non-oper
ative form of treatment of injuries of
the lateral ligament of the ankle severe
enough to produce talar instability or
tilt. All patients underwent the same
management, immobilization for six
weeks in a below-knee walking cast.
The results of our follow-up study of
25 patients are evidence that this form
of therapy is satisfactory. Only three
patients complained of functional in
stability and in none of these was this
disabling. Stress radiographs revealed
no residual talar tilt in 15 patients.
In the remaining 10 patients the degree
of residual tilt was significantly less
than that observed at the time of inTABLE II.— R esults of T alar T ilt Study
1953 to 1968
Subjective results

No complaints...................................
Pain....................................................
Swelling.............................................
Functional instability.....................

No. of
patients

18
2
2
3

Residual tilt

No tilt................................................
Less than 10°....................................
More than 10°...................................

15
8
2

jury. Two patients with minimal swell
ing and two others who suffered pain
after prolonged exertion did not com
plain of functional instability or dem
onstrate a talar tilt.
D is c u s s io n

In 1943 Pennal2 reported 14 cases of
talar tilt, all treated, with good results,
by immobilization in a cast for six
weeks. He pointed out, on the basis of
cadaver dissection, that the anterior
and middle bands of the lateral liga
ment of the ankle had to be divided
before tilt occurred. Rupture of the
posterior band is a rare event.
In 1954 Anderson and LeCocq5 ad
vocated early operative repair, basing
their conclusions on 27 patients oper
ated on for late instability. Only three
of these patients, however, had had
their ankle immobilized in a cast for
six weeks following the acute injury.
The early treatment of the remaining
cases in their series is not described.
In 1961 Ruth4 found that patients
undergoing early operative repair did
appreciably better than those treated
without operation. His longest follow
up, however, was only 2 Vs years.
Clark, Derby and Power6 in 1965
compared the results of early opera-
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tion and plaster immobilization for the
acute injury and found that these were
the same, but the group that had not
been operated on returned to work ear
lier.
Freeman, in 1965, compared the ef
fect of simple strapping with that of
plaster immobilization and of opera
tive repair. He concluded that although
the latter two methods gave a better
radiologic result with regard to talar
tilt, simple strapping- was associated
with a shorter period of disability and
produced just as good a final result.1
He also showed that there was a poor
correlation between functional instabil
ity and radiologic talar tilt. It was his
opinion that the functional instability
was the result of interruption of propriocetive nerve fibres in the joint cap
sule and ligament and was not related
to talar tilt.7,8 In only one of three pa
tients in this series with late functional
instability was there demonstrable talar
tilt.
Recently arthrography has been ad
vocated as a simple and effective meth
od for diagnosing ruptures of the lateral
ligament of the ankle.9'11 We have not
used this technique in our series, rely
ing instead on inversion stress radio
graphs. We did not find it necessary
to use any form of anesthesia. However,
we were dealing with young athletic
men and in all cases the procedure
was carried out slowly and gently after
giving a thorough explanation to the
patient. If the interval since the injury
is over 24 hours and painful spasm
prevents the taking of stress radio
graphs without general anesthesia, then
arthrography should be considered.
Sum mary

A follow-up study was carried out on
25 patients with injury to the lateral
ligament of the ankle and a significant
talar tilt. All patients had been treated
by immobilization in a below-knee
walking cast for six weeks.
Three patients complained of func
tional instability which they found not
disabling. After prolonged exertion,
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minimal swelling was present in two
patients and pain in two others, but
none complained of functional instabil
ity.
We conclude that non-operative man
agement is advisable for injuries to
the lateral ligament of the ankle asso
ciated with talar tilt.
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Resu m e

„

Une etude catamnestique a ete entreprise
chez 25 malades souffrant d’une lesion du liga
ment lateral de la cheville et d’une notable
inclinaison astragalienne. Tous les malades
avaient porte pendant six semaines un appareil platre sous le genou et permettant la
marche.
Trois malades se plaignaient d’une instabi
lity fonctionnelle qu’ils n’estimaient pas invalidante cependant. Apres des efforts prolonges,
on notait un gonflement minimal chez deux
malades et deux autres se plaignaient de douleur, mais aucun ne signalait d’instabilite
fonctionnelle.
Nous concluons que le traitement conservateur est a conseiller pour traiter des lesions
du ligament lateral de la cheville, accompagnees d’inclinaison astragalienne.
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USE OF THE FLEXIBLE FIBEROPTIC BRONCHOSCOPE IN THE
DIAGNOSIS OF MALIGNANT TUMOURS OF THE LUNG*
ROGER G. KEITH , M.D., F.R.C.S.[C] and GLEN A. TAYLOR, M.D., F.R .C.S.[C],
Toronto, Ont.
B r o n c h o s c o p y has been a mainstay in
the diagnosis of pulmonary disease
since the introduction of the original
instrument by Chevalier Jackson in
1904. In 1962 the principle of fiberoptics was applied to bronchoscopy and
made possible increased illumination
of the field of visualization. Olympus
and Massuda added flexibility to the
properties of fiberoptic instruments,
and in July 1966 the first flexible
fiberoptic bronchoscope became avail
able. The flexible instrument with an
end light-source and small diameter tip
extends the field of examination of the
bronchial tree well beyond that accessi
ble to the rigid bronchoscope.
Routine investigation of suspected
malignant tumour of the lung generally
includes bronchoscopy. In addition, ra
diologic procedures, mediastinoscopy
and transthoracic lung biopsy are em
ployed before thoracotomy in many cen
tres. A programmed investigative ap
proach to suspicious lung lesions fre
quently dictates the form of therapy
in a particular case. We were specif
ically interested in assessing diagnostic
accuracy when the fiberoptic broncho
scope was employed. A program was
established for an unselected prospec
tive study to evaluate the instrument
over a one-year period.
M a t e r ia l

and

M ethods

It is our principle that when a malig
nant growth is suspected an attempt
must be made to establish a pathologic
diagnosis before proceeding to thoraco
tomy. Diagnostic measures include
sputum cytology, radiography followed
by bronchoscopy and mediastinoscopy.
Subsequently transthoracic needle biop
sy of the lesion is performed in some
patients. Our previous experience with
the rigid bronchoscope provided low
♦From the Department of Thoracic Surgery,
Sunnybrook Hospital, and University of To
ronto, Toronto, Ont.

diagnostic yield, particularly in the
case of lesions located in the peripheral
and mid-lung zones. Upper lobe lesions
are also difficult to assess using the
rigid bronchoscope. Assuming the flex
ible bronchoscope would allow a more
extensive investigation, a program was
developed to compare the diagnostic ac
curacy of the two instruments.
From February 1971 to February
1972, 86 unselected patients were stud
ied whose clinical presentation sug
gested a malignant growth of the lung.
Each patient was used as his own
control. To achieve the maximum of
accuracy, on every occasion each pro
cedure was repeated by a second ex
aminer. The patients were all examined
under general anesthesia. The first
step in the examination was bron
choscopy using the rigid instrument.
All specimens obtained were kept from
those obtained later with the flexible
bronchoscope. Biopsies and bronchial
washings were taken as indicated.
After the examination with the rigid
bronchoscope an endotracheal tube
with the Sunnybrook fiberoptic adapter1
was inserted through which the Olym
pus model BF bronchofibroscope was
introduced. The tracheobronchial tree
was completely examined and photo
graphs were obtained. The instrument
and the basic technique of examina
tion have been described previously.2
Two biopsy techniques were devel
oped for this study. The direct method
was used for lesions visualized at the
segmental or subsegmental level. The
biopsy brush is passed through the
biopsy channel directly into the lesion.
In the indirect method the segmental
or subsegmental bronchus leading to
the affected lung segment is visualized
and then, under fluoroscopic control
with the image intensifier, the biopsy
brush is introduced into the specific
bronchus to reach the lesion (Fig. 1).
Bronchial washings are also taken at

Fig. 1.—Peripheral lesion in the anterior
segment o f the right upper lobe illustrating
its accessibility to the biopsy brush.

this point, using for irrigation and
aspiration the biopsy channel, with a
side-arm water trap in place for collect
ing the fluid. In all cases the tissue and
washings are submitted to histologic
and cytologic evaluation.
R esults

In the 86 patients the majority of
lesions demonstrated radiologically oc
cupied the mid- and peripheral lung
zones and a substantial number were
in the apical regions. Tumours in these
particular areas have been notorious
for escaping diagnosis by use of the
rigid bronchoscope.
Twenty-four patients were proved to
have malignant disease of the lung
after completion of the investigative
TABLE I.— E valuation
beroptic
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of the F lexible F i
B ronchoscope

No. of patients
Number examined.............................
Number of proved diagnoses
of malignant disease..........................
Diagnostic procedure:
Bronchoscopy using rigid
instrument ....................................
Bronchoscopy using flexible
fiberoptic instrument.....................
Surgical operation (bronchoscopy
negative).........................................

86
24

1
18
5

procedure, including thoracotomy in
many cases. The diagnosis was estab
lished by the flexible fiberoptic bron
choscope in 18 of these cases. In one
case the initial diagnosis was made
using the rigid bronchoscope and con
firmed at subsequent examination with
the fiberoptic instrument. In five cases
the diagnosis was not established by
bronchoscopy and was proved by fur
ther surgical methods (Table I).
Of the 18 positive diagnoses reached
by the use of the fiberoptic broncho
scope, 10 were made by the direct meth
od of biopsy, and eight by the indirect
method (Table II). In the latter cases,
no lesion could be directly visualized
without resort to the indirect method.
In all the five cases in which a diag
nosis was not established by broncho
scopy, the lesion was located in a peri
pheral lung zone. The pathological
diagnoses in these cases included al
veolar cell carcinoma, oat cell carci
noma, primary adenocarcinoma and
metastatic adenocarcinoma.
Of the 64 patients in whom a diag
nosis other than malignant disease was
made, the majority had chronic inflam
matory lung disease. In no instance,
to date, has the diagnosis of non-malignant disease been disproved.
T A B L E II.— M ethod of B iopsy U sing F le xib le
F iberoptic B ronchoscope

No. of patients
Total positive biopsies........................
Direct method (visualization,
biopsy, histology)...............................
Indirect method (selective bronchial
cannulation, blind brush biopsy and
cytology).............................................

18
10
8

D is c u s s io n

The principle of fiberoptic transmis
sion of light has been applied to en
doscopy with increased efficiency and
accuracy. The introduction of flexible
instruments has extended the fields
of visualization in all forms of medical
and surgical endoscopy. The recent de
velopment o f the fiberoptic broncho
scope is likely to increase diagnostic
accuracy in pulmonary disease.
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Ikeda,3 in cases with proved malig
nant disease, increased the percentage
of positive diagnosis from 50% to 83%
through the use of the fiberoptic bron
choscope. We, ourselves, have demon
strated an increase in diagnostic ac
curacy of 20% . We believe the signif
icance of this figure is enhanced by
the unselected nature of the clinical
presentation in our group.
Our indirect method of biopsy of
peripheral lung lesions established the
diagnosis in over one-third of those
cases where the malignant nature of
the lesion was disclosed by use of the
flexible fiberoptic bronchoscope (Table
II). We advocate this method for all
lesions not directly visualized. In par
ticular, we believe it is of extreme im
portance for the lesion of difficult ac
cess in the peripheral lung zones and
apical regions. This method, which al
lows tissue diagnosis from peripheral
lesions, may obviate the need for trans
thoracic needle biopsy in certain cases.
The latter procedure requires more ex
perience and facilities and carries a
more significant morbidity.
The increased accuracy of diagnosis
using the direct method reflects the
marked increase in range of direct
visualization at subsegmental level.
Brush biopsy and bronchial washings
from the exact segments involved pro
vide tissue diagnosis from many areas
inaccessible to the rigid bronchoscope,
e.g. the upper lobe.
As many of the diagnoses were based
on cytologic studies, an experienced
cytopathologist is essential.
Failure to establish the diagnosis by
bronchoscopy in five cases in this series
may be attributed to inexperience and
the nature of the lesion. The five cases
were seen early in our program. In
creased experience and perfection of
the indirect technique of biopsy in
creased our diagnostic accuracy. It is
significant that the lesions in the cases
where the diagnoses were missed were
not squamous carcinomas and were in
peripheral lung zones, where they
could not be directly visualized.
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Smiddy et aV have described a trans
nasal approach using topical anesthesia.
General anesthesia was used in this
study because of the prolonged dura
tion of examination and because many
patients underwent mediastinoscopy on
the same occasion. We advocate general
anesthesia for thorough examination
of the entire tracheobronchial tree,
since it permits controlled ventilation
and allows adequate time for scrutiny
of all segmental and subsegmental
bronchi and for passage of the wire
brush peripherally under fluoroscopic
control.
Our patients experienced no serious
morbidity and there was no mortality.
Expected complications such as bleed
ing, tracheobronchial perforation or
traumatic pneumothorax were not en
countered in any case. We conclude
that this method of examination is safe
and produces no significant side effects.
Summ ary

Eighty-six patients were examined
over a one-year period in a prospec
tive study of the diagnostic accuracy
of the flexible fiberoptic bronchoscope.
The number of positive diagnoses of
malignant disease was increased by
20% by the use of the flexible in pre
ference to the rigid bronchoscope. An
indirect method of biopsy is described
for peripheral and mid-zone lung le
sions difficult of access. This has sig
nificantly improved the diagnostic yield
from these areas. Application of this
instrument to the investigation of
pulmonary malignant disease is war
ranted.
R eferences

1. N eeds R A : Endotracheal adapter for flex
ible fiberoptic bronchoscope. To be
published
2. F ennessy J J : Selective catheterization of
segmental bronchi with aid of flexible
fiberoptic bronchoscope. Radiology 95:
689, 1970
3. I keda S : Present status of flexible bronchofiberscope. Jap J Cancer Clin 16: 767,
1970
4. S middy JF, R uth , WE, K erby GR, et al:
Flexible fiberoptic bronchoscope. Ann
Intern Med 75: 971, 1971

!? 1

M E D U LL AR Y C YSTIC D ISE A SE

M arch 1973
R esum e

Nous avons observe 86 malades, pendant
une periode d’un an, dans une tentative d’etablir la precision diagnostique d’un bronchos
cope flexible compose d’une fibre optique.
L’emploi de cet appareil flexible a permis
d’ameliorer de 20% le nombre de ces positifs
obtenus du type rigide dans le diagnostic des

neoplasmes pulmonaires. Nous decrivons egalement une methode indirecte de biopsie ap
plicable aux lesions peripheriques et des zones
medianes du poumon qui sont diffieilement
accessibles. Cette methode nouvelle a permis
d’ameliorer le rendement diagnostique dans
ces regions particulieres. Nous croyons justifie de se servir de cet instrument dans l’etude
des neoplasmes pulmonaires.

MEDULLARY CYSTIC DISEASE OF THE KIDNEYS:
REPORT OF A FAMILY*
Y . N. K Y L E , M.D., F .R .C .S.[C ], F.A.C.S., Thunder B a y, O nt.

cystic disease is a condi
tion infrequently described. Since the
advent of dialysis and renal transplan
tation, however, more attention has
been focused on the pathogenesis of
renal failure, and medullary cystic dis
ease is being reported from time to time
as an important cause of uremia. We
report below the case of a family which,
we believe, presents a variant of medul
lary cystic disease, for some of the fea
tures differ from those described by
other workers. At the same time the
clinical and pathological findings in our
cases do not permit their inclusion in
other categories of hereditary or cystic
renal disease.
The family consists of 10 brothers
and one sister (Fig. 1). Their parents
had no known renal disease and as far
as we have been able to discover none
of the progeny of the affected members
has signs of the disease, although they
have not been extensively studied to
date.
To the present time five of the
brothers have died of renal disease,
when they were in their late thirties or
early forties. From this group we have
a needle biopsy from one and a full au
topsy on another.
Two brothers are alive and have renal
disease. One of these has been on hemo-
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*From the Department of Urology,
Arthur Clinic, Thunder Bay “ P” , Ont.
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Fig. 1.—Family pedigree.

dialysis for two years and we have done
a bilateral nephrectomy to relieve severe
hypertension. The other has evidence
of early renal disease. Of the remaining
three brothers, one died in infancy and
was said to have had a severe skin dis
ease (eczema or ichthyosis), a second
was believed to be free o f renal disease
after brief investigation in 1967 and
the third is alive but has had no investi
gation. The only sister is alive and is
reported to have hypertension. We do
not know whether she has any renal
disease.
None of the family who were affected
by the disease had elevated antistreptolysin-0 titres or abnormal serum com
plement. Unfortunately immunofluorescent studies have not been carried out
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on any of the renal tissue obtained from
this family.
Since in all of the affected members
the course of the disease and the
pathological findings have been almost
identical only one representative case
will be presented.
Case R eport

In February 1967, at the age of 37 years,
when he sought advice because of a sore
throat, Mr. J. T. was found to be hyper
tensive (blood pressure 160/100 mm. Hg).
Urinalysis revealed albuminuria 3+ and
microscopic hematuria. His hemoglobin
was 14.0 g./lOO ml., the erythrocyte sedi
mentation rate was 55 mm. in one hour
and the blood urea nitrogen was 37 mg./
100 ml.
Two months later his serum uric acid
was 9.6 mg./lOO ml. and the serum creati
nine was 2.4 mg./lOO ml. The urine had a
low fixed specific gravity of 1.012. Albumi
nuria and hematuria were present as be
fore but no casts were seen and cultures
of the urine produced no growth. The
serum calcium, inorganic phosphorus,
alkaline phosphatase and total serum pro
teins were normal, as were the serum elec
trolytes. A chest radiograph was normal
while an intravenous pyelogram demon
strated only poor visualization of the kid
neys and calyces and suggested that the
kidneys were smaller than normal. The
electrocardiogram showed evidence of left
ventricular hypertrophy. The patient was
put on a regimen of restricted dietary
protein and a high fluid intake.
A year later the patient complained of
severe headaches and his blood pressure
was 240/140 mm. Hg. He had lost 10 lbs.
in weight. His blood urea nitrogen had
risen to 50 mg./lOO ml. and the serum
creatinine to 3.4 mg./lOO ml. The serum
potassium was 5.6 mEq./l. A 24-hour
urine specimen contained 131 mEq. of
sodium and 2.6 g. of protein; the endo
genous creatinine clearance was 35 ml./
min. Hydralazine, methyldopa and reserpine were prescribed and the patient was
kept under close supervision.
In November 1968 he was started on
oral calcium and vitamin D. The following
March he was readmitted to hospital with
the complaints of headaches, vomiting and
dizziness and his blood pressure was 185/
105 mm. Hg. The electrocardiogram now
revealed a bundle branch block as well as

Fig. 2.—Gross appearance of a kidney from
J. T., showing reduced size and finely granular
to pebbled surface.

left ventricular hypertrophy. The optic
fundi showed Grade II hypertensive
changes, blood urea nitrogen was now 126
mg./lOO ml. and the serum creatinine 10.5
mg./lOO ml. His serum calcium was de
pressed to 7.8 mg./lOO ml. and the serum
inorganic phosphorus was elevated to 12.4
mg./lOO ml. In addition, he had become
anemic and his hemoglobin was only 7.6
g./lOO ml. The endogenous creatinine clear
ance had fallen to 6 ml./min. in spite of a
24-hour urine volume of 2600 ml. contain
ing 2.9 g. of protein. Despite vigorous con
servative measures his condition continued
to deteriorate and therefore hemodialysis
was started in June 1969.
At the present time (June 1972) he is
still on hemodialysis. Bilateral nephrectomy
has been performed because of persistent
uncontrollable hypertension.
The kidneys were small and atrophic,
weighing 45 and 60 g. (Fig. 2). Their sur
faces were coarsely granular and a few
small cortical cysts were visible. On sec
tion the cortex was thin and the corticomedullary boundaries were indistinct. In
the medulla there were numerous cysts,
ranging in diameter from 2 cm. to pin
point size. The cortex contained a few
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Fig. 4.—Two of the rare remaining glomeruli
exhibiting periglomerular and interstitial
fibrosis and tubular atrophy (H & E x 35).

Fig. 3.—Section of the kidney showing- the
general distribution and size of the cysts.

Goldman et al.3 reported on several
generations o f a fa m ily w ith this con d i
tion, con firm in g the suggestion that a
genetic influence m ay particip ate in
its development. Sixty m em bers o f the
fa m ily were traced through fiv e gener-

isolated smaller cysts (Fig. 3). On histologic
examination the cortex contained many
damaged glomeruli; some were hyalinized
and others showed periglomerular fibrosis
(Fig. 4). Marked hypertensive changes
were seen in the small blood vessels (Fig.
5). In the medulla the many cysts were
lined by a single layer of cuboidal epithe
lium (Fig. 6). The tubules were separated
by a large amount of dense fibrous tissue
in which focal infiltrates of lymphocytes
and plasma cells were seen. Many tubules
were atrophic while others were hyper
trophied (Fig. 7).
G e n e t ic E v ide n c e

Strauss1 collected 18 cases o f cystic
disease o f the renal medulla fro m the
literature and his personal files. A fa m 
ily history o f renal disease was noted in
only tw o o f them.
Herdm an et aV noted the disease in
fo u r members o f a fam ily in tw o gen er
ations.

Fig. 5.—Arteries showing marked narrowing
(H & E x 60).
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Fig. 6.—Section of the kidney including
a corticomedullary cyst lined by cuboidal epi
thelium (H & E x 25).

ations and in all likelihood 14 members
died of renal disease. No consanguinity
was noted. There appeared to be a
Mendelian dominant pattern of inherit
ance. All but one transmitted renal
disease to their offspring. There was
no male-to-male inheritance. Eighteen
have either demonstrated overt renal
failure or transmitted the defect to
their offspring.
In contrast to the family reported by
Goldman et al., the isolated occurrence
of cystic disease of the renal medulla
in siblings that has been observed by
others may represent a recessive mode
of inheritance.
Finally, in a few cases, no family his
tory has been elicited despite extensive
study.
C l in ic a l F eatures

In the family reported by Goldman
et al. the symptoms and signs appeared
at a mean age of 23 years. The outstand
ing features were anemia, the frequent
presence of salt wasting, few abnormal
ities of the urinary sediment, progres
sive azotemia and death at an early age
of 25 years. Peripheral edema was un
common and hypertension, if present,

t r f i ,.,.*
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Fig. 7.—Section showing the general fea
tures (excluding cysts), viz. interstitial fi
brosis, tubular atrophy, fibrosis of glomeruli,
chronic inflammatory interstitial infiltrate
and arterial narrowing (H & E x 25).

was usually a terminal development.
There was usually no evidence of uri
nary tract infection. Deterioration was
rapid with nausea and vomiting, muscu
lar weakness and nocturia as symptoms.
Auditory and ocular disease were not
documented. However, Price and PrattJohnson4 reported a case with foveal
degeneration of the retina.
The clinical features of familial
juvenile nephronophthisis and of medul
lary cystic disease are remarkably sim
ilar except for the age incidence.
Hereditary nephronophthisis was iden
tified in 1951 by Fanconi who reported
several children with the condition in
two unrelated families.5 This condition
is severe and causes death in most chil
dren before puberty. The mean age of
onset of symptoms is 4 years and 3
months. They present with polyuria and
polydipsia due to loss of renal concen
trating ability; often the label of dia
betes insipidus is incorrectly assigned
to them. Subsequently, there is a pro
gressive evolution of the condition with
the development of anemia and azo
temia. Convulsions or tetany may en
sue, as well as proteinuria and de-
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fective growth. Patients suffer from
gastrointestinal upsets. In 50% o f cases
there is evidence o f renal osteodystrophy
or the radiologic appearance of hyper
parathyroidism, rickets or osteoporosis.
In hereditary nephronopthisis the
disease is familial. The condition was
found in 40 o f 67 children from a total
of 14 families. The sexes were affected
equally. There was consanguinity in
three o f the families. The parents were
not affected by the disease. It was
transmitted as an autosomal recessive
characteristic. Other congenital anom
alies were observed in the same fam 
ilies, e.g. hare lip, mental retardation
and congenital heart disease.
In the diagnosis o f medullary cystic
disease pyelograms are not usually help
ful. Spicer et al.6 reported the disease
in a 10-year-old girl in whom an in
fusion pyelogram with tomograms
demonstrated the cysts in normal-sized
kidneys with smooth outlines.
H istology

Most o f the pathological information
on this condition is to be gleaned from
the reports o f the six autopsies and
two renal biopsies in Goldman’s series
o f cases. Similar findings were de
scribed in the case o f a 38-year-old
white man in whom the diagnosis of
microcystic disease o f the renal medulla
was made.7
The histology o f cystic disease o f the
renal medulla as described by Goldman
et al. is essentially the same as in our
case save for the definite hypertensive
vascular changes noticed in our patient.
Strauss and Sommers8 believed that
there was a remarkable resemblance in
the pathological features of familial
juvenile nephronophthisis and medul
lary cystic disease. They claimed that by
light microscopy as well as grossly,
medullary cystic disease and juvenile
nephronophthisis are indistinguishable.
Fanconi did not give a full description
of the renal cysts in juvenile nephro
nophthisis. Actually, in many cases the
most striking feature is the variable
number o f cysts in the medulla and the
cortex.
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In the family we have presented the
hypertension probably developed late
in the disease since the one patient
who has evidence o f early disease does
not have significant hypertension.
Mr. S. T. was born June 25, 1932. When
first seen in May 1966, he was found
to have microscopic hematuria and albumi
nuria 1+ . In May 1968, his blood pressure
was 130/85 mm. Hg. His hemoglobin was
13.9 g./lOO ml. and a urinalysis disclosed
a pH of 6.0, specific gravity 1.013, pro
teinuria 1 + , no sugar and 10 to 12 ery
throcytes per high-power field. No casts
were seen in the urine and culture pro
duced no growth. His blood urea nitrogen
was 14.7 m g./100 ml. and serum creatinine
1.0 m g./100 ml. The erythrocyte sedimen
tation rate was 40 mm. in one hour.
The patient was not seen again until
February 1971 when he complained of
headaches. His blood pressure was 145/
100 mm. Hg when first recorded but later
at the same visit was 140/75 mm. Hg. His
blood urea nitrogen, serum creatinine, ery
throcyte sedimentation rate and urinalysis
remained as before. An intravenous pyelo
gram was normal. When last seen in May
1972, his condition was unchanged.
D iscussion

It could be argued that the hyper
tension, urinary findings and vascular
changes in the kidneys o f our patients
are the features of ordinary end-stage
glomerulonephritis. However, the here
ditary background and the type and
pattern o f the cysts would tend to
refute this diagnosis.
Because of the absence o f deafness
and the presence of cysts the diagnosis
o f A lport’s hereditary nephritis9 can
not be established; if we had measured
and found an elevated level o f a-2globulin and failed to demonstrate im
munofluorescence in tissue available
for study, this diagnosis would have
been strengthened.
Other diseases to be considered are
end-stage glomerulonephritis with cys
tic changes in the kidneys, and medul
lary sponge kidneys where only the
terminology is similar. Polycystic dis
ease o f the kidneys is not to be con
fused with medullary cystic disease.
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The possibility that the condition is a
variant o f juvenile nephronophthisis is
likely but the chronic interstitial dis
eases of the kidney are difficult to ex
clude.
Su m m ar y

A fam ily of 11 siblings is presented
in which five men have succumbed to
renal disease and two others are alive
but are affected by renal disease. A l
though some of the clinical and patho
logical features are not classical, these
patients appear to be suffering from
medullary cystic disease of the kidney.
The recent literature is reviewed with
regard to the evidence of a genetic
basis for the condition. The relation
ship of several closely related renal
conditions is discussed.
I am indebted to Drs. Joan Kyle and Fred
O’Brien and to Mrs. Heather Shields.
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R esum e
L ’auteur presente une famille comprenant
une fratrie de 11 membres, au sein de laquelle cinq hommes ont succombe a une nephropathie et deux autres, encore vivants,
souffrent d’une maladie renale. Bien que certaines caracteristiques cliniques et pathologiques ne repondent pas aux donnees classiques, il semble que ces malades soient atteints
de la maladie kystique medullaire des reins.
L ’auteur a passe en revue la litterature recente, en ce qui concerne la possibilite d’une
etiologie genetique de la pathologie. II expose
les relations existant entre cette pathologie et
plusieurs autres nephropathies tres voisines.
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USE OF ORTHOBARIC OXYGEN IN THE RADIOTHERAPY OF
BLADDER TUMOURS*
A . G. KE R E STE C I, M.D., B.Sc.(M ed.), F .R .C .S .[C ]f and
W . D. RIDER, M.B., Ch.B., F.F.R ., D.M.R.T., C.R.C.P.[C],J

Toronto, Ont.
S i n c e the beginning of the twentieth
century it has been known that both
normal and malignant tissue that is
poorly oxygenated is less affected by
irradiation than the same tissue when
well supplied with oxygen. Gray et al.1
were the first to show, in 1953, the
relationship between oxygen and radio
sensitivity as it applies to a wide va
riety of living cells. They demonstrated
that anoxic cells may show three times
less radiosensitivity to a given dose
of irradiation than their normally oxy
genated counterparts. However, raising
oxygen tension beyond physiologic
levels increased the radiosensitivity
only slightly. Thomlinson and Gray2
studied the histology of human squam
ous cell carcinomas and demonstrated
anoxic cells and necrosis at distances
of 160 to 200jx from the capillary
blood vessels. It was postulated that in
a given tumour a certain number
of cells are protected by hypoxia
from radiation injury and that these
cells are able to regrow after irra
diation therapy. This hypothesis was
proposed to explain the “ radioresist
ance” of some tumours.
The first report on the use of oxygen
in clinical radiotherapy of human can
cer was by Hultborn and Forssberg
in 1954.3 In four patients with skin
tumours, one half of the growth
was irradiated while the patient was
breathing air, the other half while
inhaling pure oxygen at atmospheric
pressure. Hultborn and Forssberg re
ported an enhanced radiation effect
in the half of the tumour treated while
breathing oxygen. Since 1955, there has
^Supported by a grant from the Ontario
Cancer Treatment and Research Foundation.
•(•Department of Surgery (Urology), The W ell
esley Hospital, Toronto; Assistant Professor,
Department of Surgery, University of To
ronto, Toronto, Ont.
tSenior Radiotherapist, Princess Margaret
Hospital; Assistant Professor, University of
Toronto.

been a trend to use hyperbaric oxygen at
three atmospheric pressures during ra
diotherapy. Many centres have used this
technique and their initial reports have
been encouraging,4' 5 but few well-con
trolled and randomized series have been
placed on record. The initial enthusiasm
has waned in recent years.6
The purpose of this study was to see
if benefit resulted from having patients
breathe pure oxygen under normal at
mospheric conditions before and during
each session of radiotherapy.
M ethod

One hundred and fifty consecutive
cases of bladder tumour referred to the
Princess Margaret Hospital, Toronto,
for radiation therapy are the subject
of this study. The follow-up period is
four to five years, the last patient hav
ing entered the study in the spring of
1968. All patients had the same pre
treatment work-up consisting of a re
view of the pathological findings, in
travenous pyelography, cystography,
cystoscopy and examination under anes
thesia. The international TNM classifi
cation for bladder tumours was used.
All patients who were accepted for
standard radiotherapy were then ran
domized using a blind system of pre
set random cards.
The radiotherapy technique used for
all the patients consisted o f application
to a wide field of irradiation of 3500
rads in three weeks by anterior and
posterior portals followed by a smallvolume rotation of 1500 rads in one
treatment. The field of radiation was
designed to cover the bladder, pelvis
and the lower periaortic lymph nodes
by means of a large pair of parallel
opposed fields on a cobalt unit. The
small-volume rotation was designed to
deliver additional irradiation to the
tumour-bearing area o f the bladder as
determined by cystoscopy and local
izing cystograms.
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periodic cystoscopic examinations at
the Princess Margaret Hospital or by
the patient’s referring urologist. Nearly
all patients were seen clinically at pe
riodic intervals to the end of follow-up.
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Fig. 1.—Survival rates for patients with
non-infiltrating (T x and T2) tumours.

Patients in the experimental group
breathed 100% oxygen for two hours
before, and during, each treatment
session. The oxygen was delivered
through an R.C.A.F. low-altitude flyer’s
mask through a demand regulator sys
tem. All but one patient in the experi
mental group tolerated the oxygen
breathing well, and no untoward re
actions were seen. The single excep
tion was a patient who had a claustro
phobic reaction to the mask related to
his experience of gas warfare in World
War I ; he has not been included in
this study. The follow-up included

The analysis of the results was based
on crude survival. The overall five-year
survival of the entire group was 25% ;
for the oxygen group it was 22% and
for the controls it was 28%. As antici
pated, survival was highest for the T x
group (47% ) and declined rapidly with
higher stages for both oxygen and con
trol groups. The comparison of oxygen
and control groups in non-infiltrating
(Tj and T 2) and infiltrating (T 3 and
T4) tumours is shown in Figs. 1 and 2.
No therapeutic benefit can be demon
strated in patients who received oxygen
with radiotherapy. In T4 and T2 groups
the survival curves are virtually paral
lel for the treatment groups. In the T3
and T4 groups the patients breathing
air seem to have a better survival rate
at three and five years. However, the
difference is not statistically signifi
cant because of the small number of
surviving patients. The overall com
plication rate was 20%. Nearly twice as
many complications occurred in the
oxygen group (21) as in the controls
(11). The great majority of the radia
tion complications consisted of the de
velopment of a small, contracted, bleed
ing bladder. A few bowel complications
were also seen. Fourteen patients with
bladder complications had to have uri
nary diversion to relieve severe bleeding,
incontinence, or upper urinary tract
dilation. None had residual tumour in
the organ removed at cystectomy and
patients who survived the operation
have done well.
D is c u s sio n

Fig. 2.—Survival rates for patients with in
filtrating (T 3 and T4) tumours.

No therapeutic benefit was obvious
in this series of 75 patients who
breathed 100% oxygen at normal at
mospheric pressure as compared to the
same number of patients breathing air.
The absence of “ oxygen effect” in these
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cases may be explained by two factors: in crude survival was observed between
(1) Transitional cell carcinomas may the experimental and control groups.
not exhibit anoxic areas as their his
R eferences
tologic structure is quite different from
1. G ray LH, C onger A D , E bert M, et a l:
squamous cell carcinomas which grow
Concentration of oxygen dissolved tis
sues at time of irradiation as factor in
in cords and sheets. The basic struc
radiotherapy. Br J Radiol 26: 648, 1953
ture in a well-differentiated bladder
2. T homlinson RH, Gra y L H : Histological
tumour is a mass of cells growing
structure of some human lung can
cers and possible implications for radio
around a central blood vessel core in
therapy. B r J Cancer 9 : 539, 1955
a papillary projection. Although poorly 3. H ultborn
K A , F orssberg A G : Irradiation
differentiated infiltrating tumours com
of skin tumours during pure oxygen
inhalation. Acta Radiol (Stockh) 42:
monly lose this papillary configuration,
475, 1954
the basic structure with a central blood 4. C hurchill
-D avidson I, S anger C, T hom 
linson R H : High-pressure oxygen and
vessel may be retained. Furthermore,
radiotherapy. Lancet 1 : 1091, 1955 _
tumour in contact with bladder urine
5. V aeth JM, editor: Frontiers of Radiation
has the added oxygen advantage of the
Therapy and Oncology, Vol. 1 : H yp er
baric Oxygen and Radiation Therapy
urinary P 0 2 by surface diffusion.
(Proceedings of First Annual Cancer
(2) The modest increase of P 0 2 an
Symposium, San Francisco, C a lif.),
ticipated at the capillary level with
Basle, Karger, 1966
normobaric oxygen breathing may not 6. W ildermuth 0 : Present status o f hybaroxic radiotherapy: perspective view
be sufficient to overcome the hypoxia
from five years’ clinical experience.
Radiol Clin North A m 7 : 345, 1969
of cells. Two recent reports7,8 have
B renk H A : Hyperbaric oxygen
claimed therapeutic benefit in hyper 7. VANinden
radiation therapy: investigation of
baric oxygen groups as compared with
dose-effect relationships in tumor re
sponse and tissue damage. A m J Roent
air-breathing controls. In one of these8
genol Radium Ther Nucl M ed 102: 8,
the methods of therapy and particularly
1968
the fractionation between the air and 8. P len k H P : Hyperbaric radiation therapy;
preliminary results of randomized study
oxygen groups were dissimilar. Both
of cancer of urinary bladder and review
series were small in number and the
of “ oxygen experience” . A m J Roent
genol Radium Ther Nucl M ed 114: 152,
follow-up periods short, yet results to
1972
date appear encouraging.
Su m m ar y

One hundred and fifty cases of blad
der tumour were studied after random
assignation to groups breathing normo
baric oxygen or air before and during
radiotherapy. No significant difference

Resum e
Les auteurs ont observe 150 malades souffrant de tumeur vesicale et divises en deux
groupes, auxquels on faisait respirer, soit de
Fair, soit de l’oxygene normobare avant et
pendant les seances de radiotherapie. Aucune
difference notable n’a ete notee, au point de
vue survie globale, entre les deux groupes.
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SPONTANEOUS INTRACRANIAL EXTRADURAL HEMATOMA
OCCURRING DURING OPEN-HEART SURGERY
H. J. H OFFM AN , M.D., B.Sc.(M ed.), F.R .C .S.[C ], F.A.C.S.* and
W . T. M USTARD, M.B.E., M.D., F.R .C .S.[C ], F.A.C.S.,
Toronto, Ont.
N u m e r o u s neuropathologic sequelae of
cardiopulmonary bypass have been de
scribed.1, 2 These include embolism, cere
bral infarction, neuronal degeneration,
subarachnoid hemorrhage and intra
cerebral hemorrhage and may account
for the neurologic and behavioural
disorders in the postoperative period.2
Intracranial surface hematomas have
not previously been described as result
ing from cardiopulmonary bypass.

C a s e R eport

A 10-year-old girl was admitted to the
Hospital for Sick Children, Toronto, On
tario, seven years after a Blalock proce
dure done for tetralogy of Fallot. She had
become increasingly cyanosed and her exer
cise tolerance was limited. With the patient
on cardiopulmonary bypass a total repair
o f the tetralogy was carried out, together
with ligation of the right Blalock. The
patient awoke immediately after the opera-

Fig. 1.—Operative exposure. (A ) Top view
showing extradural clot (a) in both bilateral
frontal craniotomy sites. (B) Side view after
evacuation of much of the hematoma show
ing residual clot (a), space left after evacua
tion of the clot (b), towel over bone flap on
far-side craniotomy (c).

*Department of Surgery, The Hospital for
Sick Children, 555 University Avenue, Toronto
101, Ont.

tion and seemed well. However, later that
day she became restless and drowsy and
within two hours her right pupil had be
come fixed and dilated. About half an
hour later her right side became rigid and
she developed a left hemiparesis. She had
generalized seizures and passed from a
decorticate state into a decerebrate state
with both pupils fixed and dilated. This
rapid deterioration in her neurologic state
was ascribed to a cerebral embolus. A
neurosurgical consultation was obtained
some 20 hours after her operation. At
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this time both pupils were fixed and dilated
and she was decerebrate but the corneal
reflexes were still present. Immediate
carotid angiography was carried out to
ensure that we had not overlooked an in
tracranial mass and much to our surprise
large bilateral frontal extradural hem
atomas were found. Craniotomy was im
mediately performed and 175 ml. of extra
dural hematoma (Fig. 1) was evacuated.
The patient improved rapidly. Within 24
hours her left pupil reacted and within 48
hours she was making purposeful limb
movements. Four days later she was obey
ing commands. A t present, three years
after the incident, she is doing well at
school and has neither neurologic deficit
nor cardiac symptoms.
D is c u s s i o n

A deteriorating neurologic state oc
curring after cardiopulmonary bypass is
usually due to cerebral edema conse
quent to emboli arising from thrombi,
calcified valves, sponge particles, fibrin
from the filter, antifoam gel, air or
oxygen. However, vigorous investiga
tion should be undertaken to rule out
the possibility of a space-occupying
hematoma. Such a hematoma can be
removed and the patient saved from
death caused by a curable lesion. The
hematoma is likely produced by a com
bination of heparinization during the
operation and the hypotensive state
during cardiac arrest. The latter re
duces brain size, and the pulling away
of the brain from the dura stretches and
breaks the draining veins with the pro
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duction of a hematoma.* In our patient
the dura was pulled away from the
skull by brain shrinkage and blood was
extravasated into the extradural space.
Sum mary

A 10-year-old girl developed bilateral
frontal extradural hematomas spon
taneously during cardiopulmonary by
pass for repair of a tetralogy of Fallot.
The enormous hematomas were evacu
ated and the patient made a complete
neurologic recovery. She remains well
three years later.
R eferences
1. A guilar MJ, G erbode F, H ill J D : Neuropathologic complications of cardiac
surgery. J Thorac Cardiovasc Surg 61:
676, 1971
2. S ilverstein A , Jacobson E, K reel I, et a l:
Effects on brain of extracorporeal cir
culation in open heart surgery: neuro
logic,
electroencephalographic,
psy
chometric, and neuropathologic, study.
Neurology (Minneap) 10: 987, 1960
Resum e
Une fillette de 10 ans, operee pour une
tetralogie de Fallot par une derivation cardiopulmonaire, a presente spontanement au cours
de l’intervention, des hematomes bilateraux,
en dehors de la dure-mere, dans la region
frontale. Ces hematomes, de volume conside
rable ont ete evacues et la jeune malade a ete
completement guerie, au point de vue neurologique. Trois ans apres 1’operation, elle est
en bonne sante.
*W e have also encountered three cases of
subdural hematoma occurring spontaneously
during cardiopulmonary bypass.
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EXTERNAL SPHINCTEROTOMY FOR THE OBSTRUCTED
NEUROGENIC BLADDER
W. H. McCRAE, M .D .,B .S c.(M ed .),F .R .C .S .[C ], F.A.C.S.,*

Burlington, Ont.
S i n c e the reintroduction1 of intermit
tent catheterization methods to permit
the elimination of the indwelling cath
eter in paraplegic and tetraplegic pa
tients2 there has naturally been an in
creased interest in identifying and
overcoming various forms of bladderoutlet obstruction, especially in male
patients. As early as 1940 Emmett3
drew attention to importance of the
vesical neck and prostatic tissue in
neurogenic bladder obstruction. Later,
Emmett, Daut and Dunn4 emphasized
the obstructive role of the external
urethral sphincter in some cases. Ross,
Gibbon and Damanski5 have more re
cently reviewed their experience of
more than a decade with external
sphincter resections both with and with
out bladder-neck resections. The pullthrough catheter pressure studies of
Smythe6also emphasized the importance
of bladder-outlet obstruction at volun
tary sphincter level and showed the
success of sphincter resections using
the knife electrode. The clinical use of
cystography and urethrography for
radiologic confirmation of the level of
bladder-outlet obstruction is widely
established.7 Alternative methods of ex
ternal sphincter relaxation, for exam
ple pudendal neurectomy, are still used
but not favoured by all5 because of the
possibility of eliminating penile erec
tions.
The Chedoke-McMaster Centre in
Hamilton, Ontario, has, since its recent
inception, joined the general attempt
to abolish, wherever possible, the use
of the indwelling urethral catheter in
patients with neurogenic bladder. The
surgical relief of bladder-outlet obstruc
tion was necessary at this centre in six
patients in the 12-month period from
‘ Consultant in urology,
Centre, Hamilton, Ont.

Chedoke-McMaster

Address for reprints: Dr. W. H. McCrae, 672
Brant Street, Burlington, Ont.

June 1, 1971 out of a total of 95 ad
missions to the spinal cord unit during
that period. Four of these were tetra
plegic after neck trauma, one was para
plegic after trauma at the T12 level
and one was paraplegic with advanced
multiple sclerosis. P'reoperative trials
of voiding on removal of retention
catheters were completely unsuccessful
in five patients while in the sixth a
residual urine of 125 ml. was associated
with repeated febrile episodes of uri
nary tract infection. Following trans
urethral external sphincter resection,
five patients now have residual urines
of 50 ml. or less and are not dependent
on catheters. The sixth man was oper
ated on recently and is awaiting fur
ther evaluation and trials of voiding.
Although the use of the knife elec
trode is advocated by most workers,
we have used in each instance the or
dinary McCarthy loop electrodes de
signed for prostatic resection. Cuts are
made in the external sphincter at the
three and nine o’clock positions and
the chief emphasis is on developing a
smoothly hollow conical channel all the
way from the bladder neck through the
sphincter. The author believes that
more important than the kind of elec
trode or punch device used for sphinc
terotomy is the general principle that
the entire bladder-outlet area should be
examined for obstructive features dur
ing resection, the external sphincter
being only a part, however significant,
of the surgeon’s concern. Portions of
the sphincter ring are left intact to
avoid constrictive annular scar forma
tion. Bleeding is meticulously controlled
by cautery but care is taken to avoid
cauterization of wide areas at sphincter
level. A large (No. 24 F.) continuousirrigating whistle-tip retention cath
eter is left in place for five days after
operation and is unhesitatingly replaced
for a few days longer if postoperative
edema has not yet allowed sphincter

NEUROGENIC BLADDER
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relaxation to manifest itself by better
bladder emptying.
Su m m ary
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balance of detrusor and vesical neck;
treatment by transurethral resection. J
Urol 43: 692, 1940
4. E m m e t t JL, D aut RV, D u n n JH: Role of
external sphincter in normal bladder
and cord bladder. J Urol 59: 439, 1948

External urethral sphincter resection 5. Ross JC , G ibbon NO, D a m a n s k i M : D iv i
sion of external sphincter in treatment
is widely documented and has proved
of neurogenic bladder. Br J Surg 54:
useful in reducing neurogenic bladder627, 1967
outlet obstruction. Experience at the 6. S m y t h e C A : External sphincterotomy m
management of neurogenic bladder. J
Chedoke-McMaster Centre, although
Urol 96: 310, 1966
brief, has demonstrated the benefits 7. C urrie RJ, B ilbisi AA, S ch iebler JC, et
al: External sphincterotomy in para
of sphincterotomy and that these are
plegics : technique and results. J Urol
readily obtainable by the use of com
103: 64, 1970
monly available prostatic electro-resec
tion equipment. We believe strongly in
R esum e
the usefulness of this procedure but
On possede une vaste documentation sur la
hope that external urethral sphincter resection
du sphincter externe de l’uretre, ope
resection may be allowed to play its ration qui s’est revelee utile pour reduire l’ocrole in treatment without the lessening clusion neurogene de l’ouverture vesicale.
L’experience acquise au Chedoke-McMaster
of a more general interest in the entire Centre de Hamilton, Ontario, quoique limitee,
bladder outlet to assist in the elimina a permis de demontrer les avantages de la
sphincterotomie qui peut etre pratiquee faciletion, wherever possible, of the indwell ment
au moyen de l’appareillage electrique
ing catheter.
couramment utilise pour la resection prostatiR eferences

1. B ors E: Veterans Administration Technical
Bulletin TB-10-503, 1948, p 19
2. B oyarsky S : Recent advances in neurogenic
bladder. J Urol 102: 53, 1969
3. E m m ett JL: Urinary retention from im

que. L’auteur est fermement convaincu de
l’utilite de ce procede. II espere cependant que
la resection du sphincter externe de l’uretre,
si utile soit-il pour le traitement, ne diminuera
pas pour autant l’interet plus general qu’on
devrait porter au probleme global de l’ouver
ture vesicale, en vue d’eliminer, dans la mesure du possible, la sonde a demeure.

134

THE

C A N A D IA N

JO URNAL

Vol. 16

OF SURGERY

REVIEW OF HUMAN RENAL TRANSPLANTATION
AT THE TORONTO GENERAL HOSPITAL*
G R A N T A . F A R R O W , M .D ., F .R .C .S .[ C ] , D . R . W I L S O N , M .D ., F .R .C .S .[ C 1 ,
S. S. A . F E N T O N , M .B ., B .C h . and W . P. H A Y M A N , M .D ., F .R .C .S .[ C ] ,

Toronto, Ont.

In the four-year period commencing
December 1, 1967 renal transplantation
was performed on 50 occasions in 48
patients at the Toronto General Hos
pital ; two patients received second
grafts. With one exception all kidneys
were from cadaver donors; there was
one sibling donor of a second graft
which was required after hyperacute
rejection.
D onors

Cadaver-donor age ranged from 6 to
58 years. There was a 3:1 male pre
dominance. During the first year car
diac death was established by criteria
applied by physicians not associated
with the transplant team but for the
remainder of the period under review
neurologic criteria were used (Table I).
T A B L E I.— N eurologic C riteria for D eath
1.
2.
3.
4.

Com a
Areflexia
N o spontaneous respirations
F lat electroencephalogram

In cases of drug intoxication two flat
electroencephalograms taken 24 hours
apart were required. Fifty kidneys were
obtained from 37 donors: 20 donors had
been patients in our own hospital, 12
were from other hospitals in Toronto
and five were from distant hospitals.
Seventy-eight per cent of donors died
from either cerebral trauma or hemor
rhage (Table II). When circumstances
permitted, donor assessment included
clinical history, urinalysis, serum crea
tinine and creatinine clearance, intra
venous pyelogram and renal angio
grams. By this means the presence of
any condition which could have pre
cluded the use of the donor, such as
‘ S u pp orted in p a rt by
E d u c a tio n a l F u n d .

the John

A.

H u ston

A d d r e s s fo r re p rin ts : D r. G . A . F a r ro w , D e 
p a r tm e n t o f S u rg ery , T oron to G en eral H o sp i
ta l, T oron to 1 01, Ont.

T A B L E I I .— C ause of D onor D eaths

Cause

No. of donors

Craniocerebral traum a....................
Intracranial hemorrhage................
Intracerebral tum our.......................
Overdose of barbiturates................
Asphyxiation....................................................
O th er...................................................................

19
10
2
2
1
3

unsuspected congenital abnormalities of
kidney or its vessels, chronic pyelone
phritis or renal carcinoma, was dem
onstrated. The use of kidneys from
patients with prolonged hypotension,
reduced urinary output and multiple
cardiac arrests has been attended by
a serious risk of post-transplant acute
tubular necrosis; this complication oc
curred in 30% of patients. In this situa
tion the method of choice for maintain
ing blood pressure and urine output is
the administration of fluids intravenous
ly; the use of vasopressor agents is
discouraged. After nephrectomy the
kidneys were perfused with heparinized
Ringer’s solution at 10° C. and im
mersed in a saline bath at 3° C.
In all except the first two cases,
prospective tissue-typing was performed
on the basis of ABO blood groups and
HL-A antigens using lymphocyte cyto
toxicity and a direct cross-matching.
R e c ip ie n t s

Of the 48 recipients 31 were male and
17 were female, with an age range of
14 to 54 years. The indications for renal
transplantation were chronic glomerulo
nephritis in approximately 60% of pa
tients and, much less often, pyeloneTABLE I I I .— R enal D isease of R ecipient in 48
Patients

Disease
Chronic glomeruloneohritis..........
Chronic pyelonephritis....................
N ephrosclerosis...................................
Polycystic disease..............................
Interstitial nephritis.........................
Familial nephritis..............................

No. of patients
28
7

5
4
3
1
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phritis, nephrosclerosis and polycystic
disease (Table III). This is in accord
with the figures supplied in the tenth
report of the Human Renal Transplant
Registry.'
Recipients had been on dialysis for
an average of 11 months. Although
most patients (37) had been started
on peritoneal dialysis, only two received
transplants while on peritoneal dialysis.
The others (46) were on maintenance
hemodialysis at the time of transplanta
tion.
Forty-four (90%) patients had bi
lateral nephrectomy before transplanta
tion. Absolute indications for bilateral
nephrectomy are uncontrolled hyper
tension, polycystic disease, and chronic
pyelonephritis. Nephrectomy also facil
itates the monitoring of urine output
from, and function of, the transplanted
kidney. The possible immunologic ad
vantage of removal of antiglomerular
basement membrane antigen is a ques
tionable indication which has certainly
not been verified. We have not clearly
established that the risk of this opera
tion is warranted in all patients being
prepared for transplantation. Its major
disadvantage to patients on mainte
nance dialysis is the fall in hemoglobin
due to loss of residual hemopoietic fac
tor (particularly important in poly
cystic disease) and the necessity for
rigid fluid restriction.
Postoperative complications of bi
lateral nephrectomy occurred in five
patients. There was one death follow
ing emergency operation for uncon
trolled malignant hypertension in a
semicomatose patient with bilateral
retinal detachment; cardiac arrest oc
curred from electrolyte imbalance dur
ing hemodialysis. Retroperitoneal hem
orrhage occurred in two patients on the
fifth and ninth postoperative days, fol
lowing hemodialysis. Poor titration of
regional heparinization on dialysis was
considered an important factor in these
untoward events and therefore we now
practise more rigid regional hepariniza
tion control, using 15-minute clotting
times. Both patients required drainage
of the hematoma.

One patient received an excessive
amount of succinylcholine during the
operation and had prolonged respira
tory insufficiency requiring ventilation
on a respirator for 12 hours. Succinyl
choline produces a phase II block (de
polarization) at the neuromuscular
junction which is reversed by neostig
mine. Excessively large doses cause a
dual block, a combination of phase II
and phase I (non-depolarizing) which
is not reversible and causes prolonged
paralysis in the anephric patient. Plas
ma cholinesterase in the chronic renal
patient was found to be normal in all
of our cases studied except one, as re
ported by Desmond and Gordon.2
A midline transperitoneal approach
was used in 26 of the 44 patients. The
operation was done through a flank in
cision in patients with previous ne
phrectomy or large polycystic kidneys.
Transperitoneal bilateral nephrectomy
permits additional intervention, viz.
inspection of the esophageal hiatus,
stomach, duodenum and bowel; liver
biopsy which we perform routinely;
tubal ligation as indicated in women;
and splenectomy (performed in four
cases).
O p e r a t iv e

P

rocedure

The technique was similar to that
described by Kiiss, Teinturier and Milliez3 and Starzl et al.4 The graft is
placed in the contralateral iliac fossa
and the operation includes end-to-end
anastomosis o f renal artery to hypo
gastric artery, end-to-side anastomosis
of renal vein to iliac vein and implanTAB LE IV .— I mmunosuppression
Routine:
Prednisone

•
— 100 mg. pre-transplant and daily
for 5 days
40 mg. 4 wks.
25 mg. 3 mos.
15 mg. 1 yr.
Azathioprine —
5 mg./kg. pre-transplant
1.5 — 3 mg. /k g. / day
Acute rejection:
Solu-Medrol — 80 mg. every 6 hrs. for 1 day
every 8 hrs. for 2 days
every 12 hrs. for 2 days
Local x-ray
Heparin
Antilymphocyte globulin
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tation of ureter into the bladder with
tunnel and cuff anastomosis. Vascular
variations in the donor in eight cases
required end-to-side anastomosis of the
renal artery or a large cuff of aorta
to either the common iliac or external
iliac artery. In one case ureteropyelos
tomy was performed because of giant
varicosities on the donor ureter. The
ureters were not splinted and the blad
der was closed and drained by a Foley
catheter for 10 days.
The immunosuppression routine is
outlined in Table IV. At the time of
acute rejection this is modified as
shown. Heparin and antilymphocyte
globulin were used rarely in cases un
responsive to the usual measures but
with unconvincng results.

V o l. 16

managed by early ureteropyelostomy
successfully in three. In the fourth a
local abscess developed after uretero
pyelostomy; this produced a mycotic
aneurysm after three months with ure
teric obstruction and rupture of the
iliac artery, and subsequent nephrec
tomy was followed by a bleeding dia
thesis and death. The ureter is the
structure most liable to postoperative
failure as suggested by Starzl et aV
This may be owing to impairment of its
vasculature at the time of harvesting,
compression as it passes through the
vesical tunnel, or rejection along with
the kidney. We have found aggressive
early repair by ureteropyelostomy to be
the treatment of choice.
One patient developed a temporary

TABLE V.— T ransplant Survival
Year
1967...............................
1968.....................
1969.................................
1970...............................
1971...................

Transplant/patients

..........
..........
..........
..........
..........

1/1
8/8
14/13
15/14
14/14

R esults (Table V )

Of the 36 patients who received a
transplant more than one year ago, 32
survive (88%). The survival rate after
two years or longer is 82%. Six of nine
operated on over three years ago are
still alive. In the fifth year of the pro
gram the mortality rose to 43%. The
records of the Transplant Registry, and
the experience of Moore and Hume5 and
of Woods et al.6 indicate that the sur
vival time of both patient and graft is
considerably longer when the graft is
taken from living donors than from
cadavers. The first 38 grafts that we
performed have had an unusually suc
cessful survival rate (89.5%) for a
cadaver series.
Co m plicatio n s

Early Surgical Complications
These were few and accounted for
only one death. There were four ure
teric fistulas after intervals ranging
from seven to 42 days. These were

Living

Dead

K idney loss

1

0

0

12

1

1

14
8

0
6

1
2

5

3

l

vesiculocutaneous fistula on the seventh
day which closed spontaneously with
catheter drainage.
Two patients had late significant
wound infections which required drain
age. In one patient a large abscess
presented as an abdominal mass and
resolved slowly following drainage.
Early Non-surgical Complications
Thirty per cent of the patients had
acute tubular necrosis with oliguria for
20 to 40 days, requiring dialysis. One
patient received a kidney brought from
2000 miles away, with an ischemia time
of 11 hours. The organ never functioned
— it was a dead kidney at the time
of transplantation— and early removal
was required.
As well as the two wound infections
previously mentioned, there were other
instances of infection, either of the
urinary tract or of the lung. Twelve
patients had urinary tract infections
which were manifested by bacteriuria
or positive urine cultures; all responded
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promptly to antibiotic therapy. All of
these patients had had bilateral ne
phrectomy and only one had had previ
ous pyelonephritis.
Six patients suffered from pulmonary
infection and four of these died (a
mortality rate similar to that reported
by Woods et al.7). In two cases the or
ganism was Pseudomonas and there was
one each caused by staphylococcus and
Pneumocystis. Two other patients de
veloped lung abscesses, the organism
in one being Klebsiella and in the other
staphylococcus. One of these has re
solved and the other shows radiologic
improvement.
Two patients have had early repeated
pulmonary emboli. Both have been suc
cessfully treated with long-term anti
coagulants.
Hepatitis occurred in two patients
and both died of fulminating disease.
Both had superimposed pulmonary in
fections and are alluded to above. Two
other patients had sera positive for
Australia antigen but no clinical evi
dence of disease.
Perforation of a viscus was a com
plication in three patients. There were
two cases, one fatal, of perforation of
a peptic ulcer. One patient had per
foration of a small-bowel diverticulum
and this was successfully dealt with
by surgical drainage.

elbow. Patients have tolerated such
operations well and results have been
good.
Renal artery stenosis, not of clinical
significance, was present in a child’s
kidney transplanted to an adult. Chronic
rejection developed, confirmed by bi
opsy and subsequent nephrectomy.
Pulmonary tuberculosis occurred in
one patient two years after his trans
plant and has been successfully treated
with drug therapy. One patient devel
oped a progressive perianal abscess and
eventually required a colostomy and
abdominoperineal resection of the rec
tum to clear up an indolent fistula;
malacoplakia was present in the af
fected bowel. Extensive malacoplakia
of the small and large bowel was found
in one patient who died of fulminating
hepatitis.
The high mortality associated with
transplantation occurs in patients with
multiple complications. This is particu
larly true of superimposed pulmonary
infections associated with other com
plications and rejection.
R e j e c t io n

Aseptic necrosis occurred in six pa
tients. Four patients required opera
tions on the hip: three Charnley total
hip replacements, two Moore arthro
plasties and one bilateral total hip re
placement were performed. There have
been operations on one knee and one

Hyperacute rejection occurred in one
patient, the second patient in this series,
in whom tissue-typing was omitted.
This graft was removed and the pa
tient was found to have pre-formed
antibodies against the next possible 12
cadaver donors. He subsequently re
ceived a successful sibling graft from
his brother, the only living donor in
our series.
Acute rejection occurred in 71% of
cases (34 out o f 48 transplants). We
could demonstrate no significant corre
lation with tissue-typing (Table V II).

TABLE VI.—Late C omplications

TABLE VII.—T issue-T yping

Late Complications (Table VI)

Ccmplicalion

Aseptic necrosis...........................
Cataracts......................................
Chronic rejection:
Hypertension................................
Renal failure.................................
Recurrent glomerulonephritis....
Pulmonary tuberculosis..............
Perianal abscess...........................

No. o f patients with
typing match

No. of patients

6
3

Clinical course

2
1
1
1
1

No rejections in first 3
mos.....................................
Doing well during first yr.
Kidney loss due to
rejection.............................

A

B

C

D

0
0

2
2

5
5

4
2

1

0

8

2
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The presence of an episode of acute
reversible rejection had no correlation
with the creatinine clearance at one
year.
Sum m ary
A series o f cadaver transplants is
presented. Good results have been ob
tained in those patients followed up for
one year or longer, but patients receiv
ing a transplant within the past year
have had a relatively high mortality
rate owing to a series of severe and
varied complications.
Surgical complications were infre
quent and most were successfully dealt
with. Sepsis was the most common and
most dangerous complication. Although
urinary tract infection occurred in
2 5 % of cases these had a low morbidity
and no mortality. Pulmonary sepsis
and hepatitis have a high mortality. In
the fatal cases there was generally a
combination of several complications,
with pulmonary sepsis as the terminal
factor.
In this cadaver series no correlation
could be shown between tissue-typing,
episodes o f acute rejection and creati
nine clearance at one year.
R eferences
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R esum e
Les auteurs presentent une serie de trans
plantations de reins de cadavres. Chez les
malades qui ont ete suivis pendant au moins
une annee, on a obtenu de bons resultats. II
faut cependant deplorer, au cours de l’an
dernier, une mortality relativement elevee,
par suite d’une serie de diverses complica
tions severes.
Les complications purement chirurgicales
ont ete peu frequentes et, le cas echeant, ont
pu etre surmontees assez facilement. La com
plication la plus courante et la plus dangereuse a ete l’infection. Bien que l’infection des
voies urinaires soit survenue dans 25% des
cas, la morbidity a ete faible et n’a entraine
aucun deces. Par contre, l’infection pulmonaire et l’hepatite sont grevees d’une mor
talite tres elevee. Dans les cas qui ont eu une
issue fatale, on notait une association de plusieurs complications, dont l’infection pulmonaire etait le facteur terminal.
Dans cette serie de transplantations de
reins de cadavres, on n’a pu etablir de corre
lation entre le typage tissulaire, les episodes
de rejet aigu et la “clearance” de la creatinine
au terme d’une annee.
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REN AL CANDIDIASIS: DIAGNOSIS AND M ANAGEM ENT*
J. L. SALES, M.D., F.R.C.S.[C], F.A.C.S.f and H. B. MUNDY, M.D., London, Ont.
M ycotic infections of the urinary tract,
although uncommon, have been reported
with increasing- frequency over the
past 20 years. The majority have been
caused by Candida albicans.w Many
physicians attach little significance to
the isolation of Candida from the
urine,5 often regarding it as a contami
nant.6 However, severe and symptomatic
Candida infection of the urinary tract
may occur,4,5< 7-9 and the recognition of
Candida as a pathogen is important.
Few guidelines are available to assist
the physician in determining the sig
nificance of candiduria.10
Recently we have encountered two
cases where Candida infection of the
upper urinary tract became symptoma
tic.
Case R eports
Case 1.— A 34-year-old Dutch nurse had
a history of recurrent urinary tract infec
tions and the passage o f many stones, al
most always associated with right ureteral
colic. When first seen in 1969 she had a
Proteus infection for which she received
long-term antibiotic therapy.
In 1971, following an episode of severe
left loin pain, intravenous pyelography
showed a questionable filling defect in the
upper calyces of the left kidney. Urine cul
ture produced a growth of Proteus and
Aerobacter and yeasts were noted in the
smear. Long-term antibiotics were conti
nued.
On September 15, 1971 she was hospital
ized because of left loin pain, frequency
and dysuria. Urine culture revealed no bac
terial growth. Intravenous and retrograde
pyelograms confirmed a filling defect in
the upper left calyces. With the diagnosis
of renal calculus, we performed a partial
nephrectomy on September 20. Postoperatively she received ampicillin for seven
days. The specimen showed chronic pyelo
nephritis and contained a mixed calcium
stone.
•From the Department of Surgery, Division
of Urology, University of Western Ontario,
London, Ont.
fAssistant Clinical Professor, Department of
Surgery, Division of Urology, University of
Western Ontario.

Three days following discharge she re
turned with left loin pain. An intravenous
pyelogram revealed hydronephrosis, and a
retrograde pyelogram demonstrated a fill
ing defect in the upper ureter. On October
15 left ureterolithotomy was carried out.
The stone was found to contain mycelia
consistent with Candida (Fig. 1). Candida
albicans was first isolated from her urine
on October 12 and repeat cultures consis
tently grew this organism.
Recurrence of left loin pain and the
demonstration o f another filling defect in
the upper ureter led to a second ureteroli
thotomy on October 21. On this occasion a
ureteral catheter was passed to the left
kidney and postoperatively continuous ir
rigation of the left renal pelvis with
amphotericin B was started. Amphotericin
B, 70 mg. in 1000 ml. dextrose in water,
was infused daily for 10 days. This eradi
cated yeasts from the urine. Although the
patient has had intermittent left flank pain
over the past six months, repeated studies
have revealed no evidence o f stone, ob
struction, or recurrence of bacterial or
fungal infection.
Case 2.— A 43-year-old woman with a
classical history of analgesic nephropathy
was first seen fo r urinary tract infection
in 1967. At that time her blood urea nitro
gen (BUN) was 15 mg./lOO ml. and an
intravenous pyelogram was normal. Over
the following five years she had recurrent
episodes of pyelonephritis when urine cul
tures resulted in heavy growths o f Proteus
and occasionally o f E. coli. In the face of
continued analgesic abuse, progressive de
terioration in renal function occurred, asso
ciated with a decrease in size o f the left
kidney and the development of right hydro
nephrosis. She was given long-term antibio
tic therapy, especially ampicillin. On several
occasions it was noted that when her infec
tion was under apparent control Candida
would appear in the urine.
In October 1971 the patient was hos
pitalized because of acute pyelonephritis
with a BUN of 70 mg./lOO ml. and serum
creatinine of 7.5 mg./lOO ml. Urine culture
produced no growth of bacteria but a heavy
growth o f Candida. A retrograde pyelo
gram showed right hydronephrosis and ir
regular filling defects in the right renal
pelvis. Urine specimens from both kidneys
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Fig. 1.—Case 1. Photomicrograph of a section of the soft “stone” which was obstructing
the upper left ureter. This mass was compounded of mycelia of a septate fungus consistent
with Candida, crystals, calcific material and degenerating cells and blood (Gomori’s methenamine silver stain x 400).

grew Candida krusei. In the belief that the
filling defects were masses of mycelia, bila
teral ureteral catheters were passed and
continuous irrigations with amphotericin
B were started. Amphotericin B, 35 mg. in
1000 ml. dextrose in water, was infused
through each ureteral catheter over 24
hours and this was continued for 10 days.
A repeat retrograde pyelogram showed no
change and therefore exploration of the
right kidney was carried out. We found
periureteral fibrosis of the upper ureter
and performed ureterolysis and nephros
tomy. Cultures from swabs of the renal
pelvis grew Candida krusei. Amphotericin
B irrigations were reinstituted through the
nephrostomy tube, using a dose of 75 mg.
daily, and continued for 10 days. By that
time urine cultures revealed no bacterial
or fungal growth and renal function had
significantly improved (BUN 40 mg./lOO
ml. and creatinine 3.5 mg./lOO ml.).
D iscussion

Candida albicans, a dimorphic fungus,
occurs in both yeast and mycelial (pseudomycelial) phases.6 The yeast phase

appears to be associated with saprophytism and the mycelial phase with
parasitism.3 Both phases are invariably
present in Candida lesions.3,6
Candida organisms occur saprophytically on normal oral, intestinal and
vaginal mucous membranes.4,6The lower
urinary tract, however, is comparatively
exempt from Candida infestation.6 As
a general rule Candida should be sus
pected as a pathogen when it is isolated
from sites that are normally free of
saprophytic infestation.6 Although the
majority of infections are due to Can
dida dlbicans, it is now believed that all
of the species of Candida can cause
clinical infection.1,2> 10,11
Diagnosis
The reported incidence of fungi in
positive urine cultures has varied from
0 to 4.8%.3,4 However, Haley3 noted
that the majority of fungi isolated from
routine urine specimens were not from
the bladder but probably represented
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colonization of the lower urethra. When
is the isolation of Candida from the
urine significant? Although growth of
more than 100,000 colonies/ml. urine
in properly collected specimens is con
sidered to constitute significant bacteriuria,12 a comparable standard for
yeasts has not been definitely estab
lished. Haley’s studies suggest that a
catheter specimen is required to con
firm a significant growth of Candida.3' 6
Kozinn and Taschdjian6 encouraged
the direct examination of stained speci
mens of urine for Candida. In urine ob
tained by catheterization or aspiration
from the bladder the presence of both
mycelia and yeast formations indicates
a significant Candida infestation.3,6
Pathogenesis

Several factors appear to be involved
in the pathogenesis of Candida infec
tions. Host susceptibility is increased
in patients with diabetes and malignant
tumours and in patients receiving anti
biotic, steroid, or immunosuppressive
therapy.10,13,14 Penicillin has been shown
to stimulate the growth of Candida.15
Paine16 demonstrated that growth of
Candida was inhibited by certain gram
negative bacteria. The appearance of
Candida in the urine following suppres
sion of gram-negative bacteria with
antibiotics and the disappearance of
fungi from the urine coincidental with
the onset of a bacterial infection have
been frequently observed.1,3’ 9 Prolonged
maintenance of indwelling urinary
catheters has also been clearly associ
ated with Candida in the urine.10
Pathology

Renal candidiasis may present as
acute or chronic pyelonephritis or as
urothelial thrush.1' 4’ 5- ” These variants
may represent different stages of the
same disease17 and are similar in that
fungus balls may form, composed of
mycelia, spores and necrotic debris.4
Acute pyelonephritis may be primary
or secondary to disseminated candidi
asis and is characterized by multiple
abscesses throughout the kidney.1,17 The
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progression of acute monilial pyelo
nephritis and hydronephrosis has been
convincingly demonstrated in mice by
Winner and Hurley18 who suggest that
this may occur in man.
Urothelial thrush is a superficial in
fection with little tendency for fungi to
invade tissue.1 The majority of Candida
infections of the urinary tract present
in this form and are often confined to
the bladder.2
Clinical Manifestations

The clinical manifestations of renal
candidiasis may be indistinguishable
from those due to bacterial infection1
as in our second case, and include fever,
loin pain, hematuria, dysuria, fre
quency and urgency.1' 2 Fungus balls
may form and cause ureteral obstruc
tion with colic5’ 17 as in our first case,
or present as filling defects in the renal
pelvis7 or bladder.8 Cystoscopy has re
vealed changes of acute and chronic
cystitis, occasionally with membrane
formation and rarely with ulceration.1' 2
Treatment

The treatment of Candida infections
of the urinary tract in the past has been
largely unsatisfactory. Many agents,
both local and systemic, have proved
unsuccessful.1 Nephrectomy was often
necessary9 and infection occasionally re
curred following operation.1,9' 17
The majority of cases of asymptoma
tic candiduria associated with antibio
tic therapy and indwelling catheters do
not require specific antifungal ther
apy.10' 14’ 19 Stopping the antibiotics and
removing the catheter may be all that
is required to clear the urine of
Candida.13,14,19 Alkalinization of the
urine either systemically or locally may
be of value as acid urine has been shown
to be more favourable for the growth
of yeasts.1-4
.
The topical use of amphotericin B
in the treatment of urinary candidiasis
was first recorded in I9602 and many
reports over the past decade have es
tablished the effectiveness of this mode
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of therapy in urothelial thrush. Goldmann et al.2 reported two cases of
monilial cystitis treated with local in
stillations of amphotericin B with dra
matic clinical responses. Blum5 and Harbach, Burkholder and Goodwin4 re
ported the successful management of
Candida infections of the upper urinary
tract using continuous irrigations of
amphotericin B through ureteral cathe
ters, as in the treatment of our two
cases. There is no evidence that the
topical application of amphotericin B
to the urothelium is harmful or irritat
ing at the concentrations used.2,5 The
agent should be dissolved in a solution
of dextrose in water since saline will
precipitate the drug,5 and the prepara
tion should be protected from light.4
The parenteral use of amphotericin B
is associated with significant nephro
toxicity20 and should be reserved for
renal parenchymal involvement and
disseminated candidiasis.5
A new oral antifungal agent active
against Candida is 5-fluorocytosine
(Flucytosine). No serious toxicity has
been noted and high urinary levels may
be obtained.21 Although there are now
a few reported cases of successful man
agement of renal candidiasis with this
drug,19' 21' 22 some cases of Candida pyelo
nephritis have been refractory.22 The
problem of drug resistance has also
arisen and it is recommended that the
maximal daily dose be used (150 mg./
kg./day).23
Su m m ary

Two cases of Candida infection of the
upper urinary tract, successfully man
aged by the local instillation of ampho
tericin B, have been presented. Al
though such infections are uncommon,
they may be severe and symptomatic.
Diagnosis o f a significant infection re
quires the isolation of Candida from
urine obtained from the bladder by
catheterization or aspiration, or the
demonstration of both yeast and myce
lial forms on direct examination. The
majority of cases of asymptomatic candiduria associated with antibiotic ther
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apy and indwelling catheters do not
require specific antifungal therapy. For
symptomatic urothelial thrush, the
treatment of choice appears to be the
local instillation of amphotericin B.
The intravenous use of amphotericin B
should be reserved for renal parenchy
mal infection and disseminated candi
diasis. The role of 5-fluorocytosine in
the treatment of renal candidiasis has
still to be established.
The authors wish to thank Drs. M. S.
Smout, E. W . R. Campsall and A. Bakerspigel
fo r their assistance in the preparation o f this
paper.
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R esum e
Les auteurs presentent deux cas de candidose des voies urinaires superieures qui ont
ete traites avec succes par instillation locale
d’amphotericine B. Bien que rares, ces infec
tions peuvenc etre severes et symptomatiques.
Le diagnostic d’une infection importante doit
comporter soit l’isolation du Candida de l’urine
prelevee de la vessie par catheterisme ou
par aspiration, soit la deeouverte par examen
direct et de la levure et des formes de myce
lium. La majorite des cas de candidurie asymptomatique declenchee par une antibiotherapie
et par une sonde a demeure n’imposent pas
un traitement antifongique specifique. Quant
a la candidose symptomatique de l’epithelium
urinaire, le meilleur traitement est l’instillation d’amphotericine B. La voie intraveineuse
devra etre reservee a l’infection du parenchyme
renal et a la candidose generalisee. L’efficaeite
de la 5-fluorocytosine dans le traitement de
la candidose renale doit encore etre elucidee.

RED CELL MASS AND PLASMA VOLUME CHANGES DURING
TRANSURETHRAL RESECTION OF THE PROSTATE*
V. COLAPINTO, M.D., B.Sc.(Med.), F.R.C.S.[C], F.A.C.S.f D. J. ARMSTRONG, M.D.,
C.R.C.P.[C]| and D. C. FINLAYSON, M.D., F.R.C.P.[C],§ Toronto, Ont.
T r a n s u r e t h r a l resection is the safest
and most successful method of prosta
tectomy in the elderly patient. Never
theless, there is a significant incidence
of hazardous upset in homeostasis as a
result of uptake into the general cir
culation of irrigating solutions and
toxic materials during operation. This
uptake occurs because the hydrostatic
pressure of the irrigant greatly exceeds
that in the venous sinuses opened dur
ing the resection. As measured by iso* Supported in part by grants from the On
tario Heart Foundation and Hoffmann-LaRoche Ltd.
fAssociate, St. Michael’s Hospital and Uni
versity of Toronto, Toronto, Ont.
{Research Fellow in Anesthesia, St. Michael’s
Hospital. Present address: Department of
Anesthesia, Vancouver General Hospital,
Vancouver 9, B.C.
§Assistant Professor of Anesthesia, St.
Michael’s Hospital and University of Toronto.

tope tagging techniques, the quantities
absorbed are usually small, but occa
sionally have been found to be as great
as 3.9 l.1-*
The clinical results of irrigant ab
sorption are well recognized and are as
follows:
(a) Hemolysis. T h is was common
when distilled water was used, but
since the adoption of isotonic irrigants
hemolysis is rarely seen.
(b) Hypervolemia and hyponatremia.
Hypervolemia as a result of irrigant
absorption does occur in some in
stances.3 However, a t least two au
thors3, 4 have found hypovolemia after
transurethral prostatectomy, despite
evidence that irrigant had been ab
sorbed. This gives rise to a number of
questions which will be discussed below.
Hyponatremia results from dilution
of the serum by absorbed irrigant and
is well documented.3'8
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The clinical picture in irrigant ab
sorption is probably owing to a com
bination of hypervolemia and hypona
tremia. The earliest manifestations are
hypertension and bradycardia during
or just after operation. These may be
followed by restlessness and sensory dis
turbances and later by convulsions,
hypotension, coma, oliguria and death.
(c) Endotoxin shock-like state. This
is an infrequent complication of transu
rethral prostatectomy. It is characterized
by severe chills, followed by fever,
capillary dilation and hypotension. If
untreated, oliguria, uremia and death
may follow. The condition is apparent
ly caused by bacterial endotoxins or
other toxic products being carried to
the general circulation in small amounts
of absorbed irrigant.
(d) Loss of whole blood. It has be
come apparent that measurements of
blood volume changes during transure
thral operations in the past were not
accurate since only single point deter
minations of one indicator, corrected
by hematocrit, were used to derive the
whole blood volume. Such indirect
methods do not adequately take into
account the changes in red cell mass
(RCM) produced by hemorrhage and
microcirculatory disturbance, or in
plasma volume (PY) due to irrigant
absorption.9
The most precise method of estimat
ing these blood volume changes is to
measure the changes in the RCM and
PV separately, and derive the whole
blood volume by summation rather than
by inference.9 With the Volemetron,10
an electronic device, it is now possible
to do this semi-automatically with a
high degree of accuracy.
This report presents the results of an
investigation, using this method and the
Volemetron, of a small group of pa
tients undergoing transurethral prosta
tectomy.
M ethod

Technique of Measurement of Plasma
Volume and Red Cell Mass10
Blood samples were obtained from a
central vein via a polyethylene catheter
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so as to eliminate the tourniquet effect.
Blood volume measurements were de
termined immediately preoperatively,
and one, six and 24 hours postoperatively. At each sample period the meas
urements were done in duplicate at
10-, 15-, 20-, and 30-minute intervals
after each injection of isotope. The
hematocrit and serum electrolytes were
determined on each sample. Approxi
mately 50 ml. of blood was withdrawn
during each period of analysis. During
operation approximately 300 ml. of 5%
dextrose in water was infused through
the polyethylene catheter.
For each study 40 to 50 fiCi of
chromium-51-tagged autologous red
cells and 0.8 to 2.0 fiCi of 125I RIHSA
were injected simultaneously. Measure
ments were made by means of the Vole
metron apparatus. The red cell volume
was calculated by multiplying the whole
blood volume as measured from 5lCrtagged red cells by the venous micro
hematocrit, corrected by a factor of
0.98 for trapped plasma.
The PV was measured directly after
separation of plasma from the cells.
Hematocrits were measured in tripli
cate on each specimen to prevent chance
variation in sampling technique, and
the average was taken as the final
value. The accuracy of these readings
was ± 0.5% , and the maximal variation
did not exceed 1%. Regular in vitro
volume measurements were performed
with the apparatus and demonstrated
an accuracy within ± 2 % .10
Patients
Twelve previously ambulatory pa
tients, 59 to 87 years of age, were chosen
at random. They were free of signifi
cant respiratory or metabolic disease
and their cardiovascular status was
stable without evidence of failure. They
received no premedication.
All 12 patients had observation cys
toscopy and blood volume studies by the
above technique several days before
operation. Spinal anesthesia was used
for these examinations so the patients
could serve as their own controls. The
changes in RCM and PV with spinal
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TABLE I.—Clinical Features of G roups I and II

G roup

.
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RESECTION

(I)
*-

*

►

Operative
bleeding

P ostoperative
bleeding

P ostopera tive
h ypotension

P ostopera tive
fever

0

0
0
0

0

WM
JC
FP
CT

0

0
0

+

TH
KC

0
0

0
0

+

+

JCH
FT
RH

+
+
+
+
+ + +

0
0
0

0
0
0
0
0

0
0
0

CD

+ + +

0
0

+ +

0

4“
0
0

0

24-h ou r
in fu sion (m l.)

DW
DW
DW
Rheomac
DW
DW
Steroids, chlorpromazine and DW

1600
2100
680
500
1200
2200
2000

DW
DW
DW
DW
DW
Blood
Blood

2300
1950
2100
1750
1950
500
3000

G roup

(II)

ML

JZ
i
#•

++
0

++++

+
+
+

++

+ mild; + + moderate; + + + marked; + + + + severe.
None of the patients was given blood during the operation but two, RH and CD, received it immediately
after operation.

anesthesia have been reported separate-

,

ly -10

Operation

►

Transurethral resection was per
formed using a Sterne-McCarthy resectoscope with Cytal (Cutter) as the irrigant. The average operating time was
65 minutes and an average of 24 g. of
tissue was removed.

Quantitative evaluation of blood loss
by analysis of the irrigant was not at
tempted. The operating surgeon simply
recorded whether the intraoperative
bleeding was virtually nil or of any
other degree. Similarly postoperatively
two broad classifications were used,
whether the fluid from the continuous
bladder irrigation (a) was clear or (b)
contained any blood at all.

TABLE II.— Changes in R ed C ell M ass and P lasma V olume, and M easurements of H ematocrit
and Serum E lectrolytes

P reop.

1 hr. postop .
N a H ct

G roup I

WM
JC
FP

CT
TH
KC

Na

6 hrs. p ostop .
H ct R C M
change

24 hrs. p os lo p .
Hct R C M
change

RCM
change

PV
change

(% )

(%)
+21
- 4
- 7
- 1
+ 3
+ 2

133
138
138
147
135
138

39
43
44
42
39
33

+
+

7
9
2
6
2
6

+25
+ 2
+ 8
- 2
- 2
+ 16

133
134
138
139
132
134

40
43
43
41
39
33

110
0
- 2
- 3
- 5
+ 5

- 3

135
139
142
143
142
136

39
40
36
36
44
35

- 8
+ 2
- 4
-2 1
- 2
- 6

- 1
+ 4
- 2
-1 0
- 5
+24

134
130
137
141
137
136

38
40
37
38
43
39

+
-

H ct

140
139
138
142
135
137

40
43
43
42
39
32

133
116
138
142
135
135

39
43
43
42
39
33

+ 3
- 7
+ 2
- 7
- 6
-2 2

141
138
141
139
138
139

39
41
36
38
43
39

138
137
140
144
144
138

39
40
36
38
44
39

-

Na

(% )

PV
change

Na

(%)

(% )

PV
change

(% )

+
+
+
+

21
13
8
3
9
17

T ransfu s io n

0
0
0
0
0
0

Group I I

HL
JZ
JCH
FT
RH
CD

3
4
6
6
9
+ 5

+ 4

- 1
- 3
-1 6
+ 4

3
1
4
3
5

+ 9

- 7
+ 2
- 3

+

4

-1 0
+ 6

0
0
0
0
500 ml.
3000
ml.
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%

Change

F ig . 1.—Changes in RCM following tra n s u re th ra l resection of the p ro state in p atien ts w ith
no d etectable bleeding during operation.
R esults

On the basis of intraoperative bleed
ing the patients could be classified into
two groups. Group I consisted of six
patients who showed no significant
bleeding at operation (irrigations were
only slightly blood-tinged throughout
the procedure). The six patients who
showed any other degree of intraoper
ative bleeding, from mild to severe, com
posed Group II. The degree of postop
erative hemorrhage during the first 24
hours as well as other clinical features
of the two groups are set forth in Table
I.

None of the patients was transfused
during the operation but two patients,
RH and CD, received blood immediately
postoperatively.
The changes in RCM, PV, hematocrit
and electrolytes are recorded in Table
II and also indicated graphically in
Figs. 1 to 4. The RCM and PV changes
are expressed as a percentage differ
ence from the preoperative values.
Red Cell Mass With Intraoperative
Bleeding
It can be seen in Figs. 1 and 2 that,
one hour after operation, there was a
satisfactory correlation between the de-

%

Change

F ig . 2.—Changes in RCM in p atien ts in whom a variable am ount of bleeding occurred during
o p eration.
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Fig. 3.—Changes in PV following transurethral resection of the prostate in patients with
no detectable bleeding during operation.

crease in RCM and observed clinical
bleeding in both groups.
Patient KC is not included in Figs.
1 and 2; his course is shown separately
in Fig. 5 because of the wide swings
in his RCM and PV, despite the absence
of significant operative bleeding. His
RCM dropped 22% by one hour postoperatively only to return to normal by
the sixth hour and remain there with

out transfusion. Postoperatively he had
a febrile hypotensive episode but no
observable bleeding.
The RCM and PV changes in patient
CD are also illustrated separately (Fig.
6) because o f the dramatic changes
associated with severe hemorrhage.
Marked bleeding occurred towards the
end of his resection and he received one
unit of blood just before the one-hour

%

Change

Fig. 4.—Changes in PV in patients in whom a variable amount of bleeding occurred during
the operation.
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%

Change

Fig. 5.—Atypical changes in RCM and PV in a patient who had no significant bleeding during
the operation.

measurement of his RCM. He conti
nued to bleed and experienced several
episodes of moderate hypotension.
Transfusion was continued and he had
received three units of blood by the
time the six-hour measurements were
made, and a further three units at the
24-hour interval, by which time his

bleeding had been controlled. The re
sponse of his RCM to transfusion cor
related well with clinical events (Fig.
6).

Of the others in Group II, only pa
tient RH required transfusion in the
postoperative period. Fig. 2 indicates
a drop of 9 % in his RCM at the one-

%

Change

Fig. 6.—Changes in RCM and PV in a patient who had serious bleeding during operation.
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%

TUR I hr
6hrs.
24hrs.
Fig. 7.—Changes in RCM and PV in two patients with severe postoperative bleeding and who
did not receive transfusions.

hour measurement and a return to al
most normal levels at the six-hour
measurement following transfusion. It
is of interest that the RCM of the other
four patients, none of whom bled severe
ly, tended to return to normal levels
spontaneously by the six-hour interval
(Fig. 2).
Red Cell Mass and Postoperative
Bleeding
Two other patients, JC and FT (Fig.
7 and Table II), had moderately severe
postoperative bleeding which was read
ily controlled by the six-hour interval.
Although neither received transfusions
the RCM of both had returned to near
normal levels at 24 hours. In the case
of patient FT, who bled more severely,
the hematocrit dropped from 36% to
33% at the six-hour measurement and
returned to 38% at 24 hours. The plas
ma volumes of these patients at the onehour measurement (Fig. 7) gave no in
dication of irrigant uptake and, in fact,
were slightly below preoperative levels
as would be consistent with the occur
rence of hemorrhage.
Plasma Volume Changes
On the basis of elevated PV in the

one-hour postoperative measurement,
only patient WM appeared to have a
significant uptake of irrigant (Fig.
3), although smaller increases in PV
also occurred in patient JZ (Fig. 4).
It is apparent that in the six patients
without operative bleeding (Group I)
the PV was actually lower postoperatively than preoperatively in three.
In the six patients in whom operative
bleeding occurred (Group II), the
postoperative PV at one hour was low
er than the preoperative level in four
(Fig. 4). Again, this is consistent with
hemorrhage, since the PV seems to
have paralleled the drop in RCM (espe
cially in patient RH). Only patients CD
and JZ in Group II had an increase in
PV at the one-hour measurement. In
the latter this coincided with a fall
in RCM and may have indicated irri
gant uptake. In patient CD the changes
paralleled those in the RCM after trans
fusion.
The course of patient CD (Fig. 6),
who had severe postoperative hemor
rhage, illustrates a striking increase in
PV to 24% above preoperative levels
at the six-hour interval. This was ac
companied by hypotension and oliguria
despite copious infusions of blood and
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other fluids. At the same time the hema
tocrit fell from 39% to 35% and the
serum sodium from 139 to 136 mEq./l.,
probably reflecting the microcirculatory disturbances associated with his
hypotension and its treatment.
Similarly, the PV of patient KC in
creased from normal at the one-hour
interval to 16% above normal at the
sixth hour (Fig. 5). The patient was
hypotensive and febrile in the imme
diate postoperative period and was
given hydrocortisone hemisuccinate 1.0
g. and chlorpromazine, 10 mg. intra
venously, as well as 2000 ml. of dextrose
in water. This treatm ent may well have
influenced his PV changes.
D iscussion

The blood volume changes that arise
with transurethral resection of the
prostate are complex and may affect
both red cell mass (RCM) and plasma
volume (PV) (and secondarily the ex
tracellular fluid volume). These changes
in RCM and PV may be independent of
one another and take place in opposite
directions. Their proper evaluation de
mands a method which can estimate
separately both components. Such a
method is provided by the isotope tag
ging techniques used in this study.
Red Cell Mass

Theoretically the RCM is a discrete
component of the circulating blood
volume and in the absence of trans
fusion, hemorrhage, or sequestration
should remain constant. By and large
our results confirm this supposition;
preoperative and postoperative values
for RCM did not vary significantly
in those patients who did not bleed at
operation. In the “operative bleeders”
there was a small drop in RCM at
one hour postoperatively. Similarly, in
the three “postoperative bleeders”,
a marked loss of RCM was demon
strated six hours postoperatively. Re
sponse of the RCM to transfusion was
clearly demonstrated in the two pa
tients who received blood. It is there
fore concluded that the red cell volume
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data obtained in this study accurately
reflected the presence or absence of
hemorrhage.
When the patients were studied be
yond the one-hour period it became ap
parent that, when bleeding was con
trolled, the RCM tended to return to its
normal level spontaneously. In the op
erative bleeding group most of the RCM
recovery had occurred by six hours and
was complete by 24 hours. There are
several explanations of this recovery in
RCM following acute hemorrhage: (a)
the body contains functional stores of
red cells which can be added to the
circulating red cell mass in response to
hemorrhage11 or (b) the changes are
apparent rather than real due to red
blood cell sequestration.
It is known th at associated with the
microcirculatory disturbance of shock
and other forms of tissue trauma, red
cell sequestration may occur.8,11-13
Labelled erythrocytes first go into a
smaller pool in the total blood volume;
mixing, even in severe cases, is usually
complete in less than 60 minutes but
may occasionally take longer.12,14 We
failed to detect sequestration in the 60minute period in any of our patients.
One patient (KC) had RCM changes
otherwise difficult to explain. Immedi
ately after operation a temperature
elevation and an episode of moderate
hypotension responded rapidly to the
conventional treatm ent by the sixth
hour. Since there was no significant
blood loss at any time, the drop in
RCM immediately postoperatively and
its subsequent recovery coincident with
clinical improvement are strongly sug
gestive of marked red cell sequestra
tion which our method failed to detect.
Plasma Volume

The PV measurements did not cor
relate well with the RCM or with
clinical behaviour of the patient. This
was not unsuspected since many factors
affect the plasma volume inasmuch as
it is part of the general extracellular
fluid compartment.
Of interest and without apparent ex-
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RESECTION OF INFARCTS AND CORONARY ARTERY GRAFTING*
T. Z. LAJOS, M.D., B.Sc.(M ed.), F .R .C .S.[C ], G. S C H IM E R T , M.D.,

I. L. BUNNELL, M.D., D. G. GREENE, M.D. and R. TANDON, M.D.,
Buffalo, N.Y., U.S.A.
R esection of recent and old myocar

dial infarcts combined with mitral
valve replacement or closure of ventri
cular septal defect has been performed
for chronic heart failure at our institu
tion since 1967.1 Since 1969 a new
modality2 has been added, namely coro
nary artery grafting, which we have
performed at the same time as resection
of akinetic areas of the left ventricle.

500

Material

Our patients are considered in two
groups:
Group I consists of 20 patients (three
women and 17 men) who had resection
of akinetic areas of the myocardium
together with mitral valve replacement
or closure of a ventricular septal defect.
Their ages ranged from 41 to 68 years.
All had chronic congestive heart
failure. In 16 patients an area of old
myocardial infarction, and in four an
acute infarct was excised.
Group II consists of 15 patients
(three women and 12 men) who had
coronary grafting performed. Their
ages ranged from 35 to 66 years. Nine
patients had a coronary graft and re
section of an akinetic area, two patients
had mitral valve replacement as well as
the coronary graft and resection, and
four patients had a graft and valve
replacement without resection. All but
two of the resected infarcts were old.
All 35 patients were studied by pre
operative coronary arteriography and
ventriculography and were operated on
for medically intractable heart failure.3
*From the Departments of Surgery and Medi
cine, State University of New York at Buffalo
and the Buffalo General Hospital, Buffalo,
N.Y.
Presented at the Tri-City Heart Meeting and
Annual Meeting of the Ontario Medical Asso
ciation, Cardiovascular Section, Toronto, Ont.,
May 10, 1972.
Reprint requests to: Dr. T. Z. Lajos, 100 High
Street, Buffalo, N.Y. 14203.

— • ALIVE - R ECATH ETER 3S0
© DIED

Fig. 1.—Data obtained from cardiac cathe
terization following excision of zone of akinesis
plus closure of ruptured ventricular septum.
R esults

Group I
Resection and repair of ventricular
septal defect.—Two men had myocar
dial infarcts complicated by acute septal
rupture. One patient is alive 41/2 years
after resection of the acute infarct and
closure of the ventricular septal defect.
The other patient died from acute pan
creatitis 14 months after his operation.
Postoperative catheterization dem
onstrated lower left ventricular enddiastolic pressures and smaller ventri
cular volumes (Fig. 1).
Resection and mitral valve replace
ment.—In six patients (four men and
two women) markedly impaired left
ventricular function was demonstrated,
caused by both left ventricular akinesis
and significant mitral insufficiency
with papillary muscle dysfunction. All
six patients had resection of the left
ventricular infarct and mitral valve re
placement with a Starr-Edwards pros
thesis through the left ventriculotomy.4
P'ostoperatively lower left ventricu
lar end-diastolic pressures and smaller
ventricular volumes were evident (Fig.
2).
There were two operative deaths, one
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Fig. 2.—Data obtained from cardiac cathe
terization following excision of area of akinesis
plus mitral valve replacement.

ALIVE - RECATHETERIZED
ALIVE - NOT RECATHETERIZED
HOSPITAL d e a t h
DIED

Fig. 3.—Data obtained from cardiac cathe
terization following excision of zone of akinesis
alone.

Group II
from irreversible cerebral damage six
weeks postoperatively and one late
Four of our first nine patients died
death two years after operation from
unrelenting congestive heart failure in hospital. Of the 11 discharged pa
tients, three suffered late deaths, two
and myocardial insufficiency.
Resection.— Eleven men and one at eight and one at 18 months; one death
woman had resection of an akinetic was not related to heart disease and
segment of left ventricular wall as an two patients died in congestive heart
isolated procedure; although five of failure (Table II). Eight of the 11
these patients had some mitral regurgi patients discharged were studied post
tation demonstrated by angiography, no operatively, and all the grafts were
mitral valve replacement was required. patent. Ventricular function was rec
There were three operative deaths in orded as improved on the basis of
this group and five late deaths after decreased end-diastolic pressure and
intervals of three months to four years. volume, and clinical response.
All Group II patients discharged
Postoperative catheterization showed
improvement in both end-diastolic vol from the hospital lived longer than six
ume and pressure in four patients (Fig. months, while two patients from Group
I died within six months after dis
3).
In this group of 20 patients the oper charge. It would appear that when by
ative mortality was 25% and there pass grafting is combined with resec
were seven late deaths. Eight patients tion and/or mitral valve replacement,
are still alive from three to five years the early operative mortality is not
after their operation. Three of the nine higher than for the single procedure
long-term survivors are working and and we have evidence that suggests the
long-range benefits are greater.
four are active (Table I).
TABLE 1.— Late R esults of Operation for A kinesis
Working
Late death (2, 4, 8, 12,
14 and 24 months, 4 years)
Surviving (over 3 years). . .

2
3

Active

1
4

Inactive
3
1

N o better

1

1
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TABLE I I — Coronary Grafting

and/ or

R esection

of

A kinetic Zone

Resection o f
akinesis
{Group I)

V o l. 16
in

35 Patients

Coronary grafting combined with
resection and/or valve replacement
(Group I I )

15
4

N o. of patients..........................................................................
20
Surgical mortality.........................................................................
5
Survival over 6 months............................................................
13/15
Survival over 3 years...................................................................
9

11/11
*

’ Earliest bypass graft and resection were performed only 30 months ago.
D

is c u s s io n

T w o similar groups of patients are
presented and compared. The indica
tions for operation— medically intrac
table heart failure— and operative pro
cedures were comparable except that pa
tients in Group II underwent coronary
grafting as well because of extensive
coronary artery disease.
The advances in the diagnosis of
coronary artery disease and the general
success of saphenous aortocoronary by
pass grafting stimulated us to combine
these procedures.
It has been our experience, from ex
perimental and clinical evidence, that
throug'h-and-through transmural infarc
tion will not improve but rather deteri
orate.1, 5 The damaged area will not
regain effective contractility but will
contribute to further ventricular dilata
tion and affect adversely the relatively
unaffected but often ischemic myocar
dium. On the basis of our five-year
experience, resection of localized old
and acute infarcts in well-selected cases
has a definite place in the management
of patients with coronary heart disease
manifested by muscle dysfunction. The
nine long-term survivors for three years
attest to the success of this operation
alone.
Resection was combined with coro
nary artery grafting in a somewhat
smaller but more seriously ill group.
When a remediable coronary lesion was
recognized
preoperatively,
surgical
treatment included myocardial revascu
larization with valve reconstruction
or resection of infarcts when ven
tricular function was adversely affected
by valvular regurgitation or by the
size of the infarct. Our high initial op

erative mortality (four out of nine)
has decreased with experience, and the
combined procedures seem justified
considering the gains immediately
achieved. The quality of life has sig
nificantly improved in both groups of
patients. The long-term value of the
combined operations still awaits fur
ther investigation.
Sum

m ary

We have presented 35 patients 31 of
whom had resection of recent and old
myocardial infarcts. Three- to five-year
follow-up is available on the first 20
patients; 12 survived more than one
year and nine for more than three
years.
Fifteen patients had coronary grafts
in addition to resection and/or initial
valve replacement. The initial opera
tive mortality was about the same
(27% ) and all discharged patients (11)
lived longer than six months after op
eration. Although this group of pa
tients is more seriously ill, surgical
treatment should include simultaneous
myocardial revascularization with re
section of infarcts or valve replacement.
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1. L ajos TZ, M ontes M, Bunnell IL, et al:
Resection o f myocardial infarcts. Clin
ical and pathologic studies. J Thorac

Cardiovasc Surg 60: 196, 1970
2. J ohnson W D , F lemma RJ, L epley D :
Direct coronary surgery utilizing m ul
tiple-vein bypass grafts. Ann Thorac

Surg 9 : 436, 1970
3. S chimert G, L ajos T Z, B unnell IL , et al:
Operation for
cardiac complications
follow ing myocardial infarction. Sur

gery 67: 129, 1970
4. A braham KS, Lajos TZ,

S chimert

G:

Replacement o f mitral valve through
le ft ventricle. N ew approach. J Thorac

Cardiovasc Surg 61: 686, 1971
5. L ajos TZ, M ontes M : Left ventricular
akinesis: experimental study. In prepa
ration

PROXIM AL PO RTAL COM PONENTS

M arch 1973
R esum e

Les auteurs presentent 31 malades, qui out
subi la resection d’infarctus du myocarde, recents et anciens. Les 20 premiers malades ont»
ete suivis pendant une periode variant de trois
a cinq ans: 12 ont survecu plus d’un an et
on comptait neuf malades qui ont survecu plus
de trois ans.
Les 15 autres malades ont subi en outre
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des greffes coronaires. La mortalite operatoire initiale a ete la meme (2 7 % ) et tous
les malades qui ont quitte l’hopital ont vecu
plus de six mois apres l’operation. Bien que
les malades de ce groupe soient plus gravement atteints, il importe de rappeler que le
traitement chirurgical doit comporter une
revascularisation simultanee du myocarde,
avec resection des infarctus ou remplacement
des valvules.

FUNCTIONAL RELATIONS OF THE PROXIMAL PORTAL
COMPONENTS STUDIED BY DIFFERENT OUTFLOW-TRACT
MANIPULATIONS*
W . G. W A D D E L L , M.D., F.R .C .S.[C ], F.A.C.S., A G. BOUCHARD M.D F .R .C .S .[C ],
J. L. W E LL IN G TO N , M.D., F.R .C .S.[C ] and J. B. E W ING , M.D.,
F.R.C.S. [Edin. & C ], F.A.C.S., O ttaw a, Ont.

types of portal systemic shunts
have been described since Whipple1 and
Blakemore2 introduced the end-to-side
portacaval anastomosis as a means to
reduce portal hypertension and control
bleeding from esophageal varices. The
various procedures3'8 may be considered
collectively as different types of sideto-side portacaval anastomoses9 which
vary in size, location in relation to the
liver and efficiency of decompression.
Interposition side-to-side shunts em
ploying prosthesis10 and allograft vein11
have been described recently.
In 1967 Warren12 proposed selective
decompression of esophageal varices,13' 14
introducing a new concept in the sur
gical management of variceal bleeding.
Distalf end-to-side splenorenal anasto
mosis with ligation of the distal left
gastric vein implies some degree of
functional continuity between lesser
splanchnic components and some de
gree of separation of lesser and greater

Many

*From the Department of Surgery, Faculty of
Medicine, University of Ottawa, and Ottawa
General Hospital, Ottawa, Ont.
Supported by the Ontario Heart Foundation
and the Medical Research Council of Canada.
f “ Proximal” and “distal” are used in relaDon to blood flow; proximal refers to up
stream and distal to downstream.

splanchnic systems. It is interesting to
note that Teixeira,15 in 1967, published
experimental studies of a splenocaval
anastomosis with distal ligation of the
left gastric and right gastroepiploic
veins and suggested in 1968,16 as an
alternative, conversion of a side-to-side
splenorenal anastomosis to an end-to-side
shunt by ligation of the splenic vein be
tween the anastomosis and splenoportal
junction, and that Britton1' used this
maneuver in 1970. Apparently Eck
used a similar technique to convert a
side-to-side portacaval anastomosis to
end-to-side shunt in 1877.18
Inokuchi published a preliminary re
port on direct left gastric caval diver
sion in 196819 and, in 1970, an account
of his early experience in interposing
autogenous vein to bridge the gap be
tween vessels.20 Selective decompres
sion by the left gastric route suggests
some functional discretion between
lesser splanchnic components.
Our attempts to perfect a technique
of left gastric venous diversion to en
sure long-term patency in normal dogs
stimulated interest in the concept of
selective decompression. The high in
cidence of late failures due to caval
stenosis
and/or g r a f t
occlusion
prompted experimental study of the
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ARE THERE FUNCTIONAL BARRIERS
BETWEEN PORTAL COMPONENTS?

OR IS THE PORTAL VENOUS SYSTEM
FUNCTIONALLY CONTINUOUS?

• i
1'—^ e aim
the physiologic aspect o f the project is stated as a question. Functional
isolation or discretion of the proximal portal components is depicted by solid lines and func
tional continuity is represented by broken lines between components. In addition, distal venous
manipulation o f the left gastric system is indicated and explained in the text.

functional relations of the proximal
portal components.
What are the functional relations of
the proximal portal components (Fig.
1) ? Are there intact functional barriers
between the proximal portal compo
nents or, alternatively, is the portal
system functionally continuous? If
there are significant functional barriers
between components, will distal splenic
diversion accomplish anything more
than decompression of the splenic sys
tem? If the proximal portal system is
functionally continuous, is selective
decompression of the left gastric sys
tem possible or is it equivalent to any
comparably sized proximal side-to-side
portal systemic shunt?
The method of study is indicated
diagrammatically (Fig. 1). In a func
tionally continuous system any distal
or outflow-tract manipulation would
not raise pressure in the proximal
component since hepatocentral flow in
the portal vein is not altered. On the
other hand, functional isolation of a
component subjected to outflow obstruc
tion would raise the proximal pressure
well above general portal pressure,
assuming functional integrity and
strength of the barriers. These two pos
sibilities represent polar alternatives.
Rise in pressure in a component sub
jected to any type of outflow manipu
lation indicates some degree of func
tional discretion. The final pressure
reflects a number of interdependent
factors including blood flow and vol

ume, component capacity and distensibility, and the potential for and level
of collateral diversion in addition to the
experimental conditions. In these stud
ies the experimental circumstances
were altered to challenge component
capacity, distensibility and potential
for diversion in order to define rela
tionships purely in terms of pressure,
ignoring blood flow. The experimental
series are outlined and the data pre
sented in terms of increasing challenge
to individual components although it
was not the actual sequence of study.21
M

ethods

Operative Procedures and
Anesthesia
All operative and angiographic pro
cedures were carried out in unselected
mongrel dogs under light pentobarbital
anesthesia (30 to 35 mg./kg.).
Operations in the experiments where
long-term survival of the dog was plan
ned were performed with standard
aseptic precautions, but asepsis was not
considered important in the acute ex
periments. The abdomen was opened by
a midline supraumbilical incision, and
after preoperative pressure measure
ments the particular distal venous mani
pulation was completed and the pres
sure measurements were repeated. The
wounds were closed in three layers
without drainage in the survival experi
ments. Angiography was attempted in
most of the acute studies.
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Fig. 2.—The canine portal venous system
from the ventral aspect. Arrow s indicate the
sites o f distal venous manipulation and the
circles the sites o f pressure sampling.

Outflow-Tract Manipulations
The left gastric, splenic, gastroduo
denal and mesenteric venous systems
were studied selectively in each experi
mental series. The sites of outflowtract manipulation were placed as far
distally as possible as indicated by
arrows in Fig. 2. Each vein was sub
jected to the following:
(1) Distal ligation. In acute studies
the left gastric, splenic, gastroduodenal
and mesenteric veins were tied just
proximal to the gastrosplenic junction,
portal vein and mesenterosplenic junc
tion respectively. Distal ligation pro
duced total outflow-tract obstruction.
(2) Reversed arteriovenous fistulae.
In survival experiments the splenic end
of the transected splenic artery was
anastomosed to either the transected
distal left gastric vein or the transected
distal gastroduodenal vein; as well, the
gastric end of the transected left gas
tric artery was anastomosed to either
the distal transected splenic vein or the
distal transected mesenteric vein. A
short interposed autogenous vein graft
was introduced to bridge anatomic de
fects whenever necessary to avoid un
due tension of the vessels. All vascular
anastomoses were performed with the
Yogelfanger-N.R.C. vascular suturing
instrument.* The reversed arterio*Commercially available from Preci Tools,
8565 Devonshire Place, Montreal 9, Que.
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venous fistulae produced total outflowtract obstruction plus component over
load at collateral arterial pressures.
(3)
Direct arteriovenous fistulae. In
these acute experiments fistulae were
created between the same vessels as in
(2) by stapling the proximal end of
the artery to the distal transected vein.
A short length of autogenous vein
graft was usually interposed. Direct
arteriovenous fistulae produced total
venous outflow obstruction in addition
to component overload at systemic ar
terial blood and pulse pressures.
The distinction between the reversed
and direct fistulae is demonstrated in
Fig. 3, which represents both types of
arteriovenous manipulation used to
study the left gastric venous component.
Pressure Studies
The sites of pressure sampling are
indicated by circles in Fig. 2. It is em
phasized that sampling was carried out
as far proximally in the venous com
ponent under study as possible. For
example, the left gastric venous pres
sure measurements were made on the
lesser curve o f the stomach and the
gastroduodenal recordings from either
pancreaticoduodenal, paraduodenal or
right gastroepiploic veins on the great
er curvature o f the stomach. Mesen
teric pressures were obtained from
jejunal or ileal venous tributaries. There
are some problems in pressure sampling
proximally in the splenic system but
an attempt was made to measure from
one of the larger splenic tributaries
with the spleen in situ in the abdomen.
The equipment consisted of simple
water manometers with commercial
intravenous extension tubing and a no.
23 scalp vein needle. Caval pressures
were measured concurrently. All pres
sures were recorded in cm. H20 above
table top.
Venography
An attempt was made to obtain re
trograde venograms or fistula veno
grams after postoperative pressure
recording in the acute studies or after
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Fig. 3.—Both types of arteriovenous fistulae used in studying the left gastric system In the
reversed or indirect fistula the splenic end of the splenic artery is stapled to the distal tran
sected left gastric vein. In the direct arteriovenous fistula the same vessels are anastomosed
but the proximal end of the splenic artery is used to achieve component overload at systemic
arterial blood and pulse pressures.

the late pressure measurements in the
survival experiments.
The distal vein was dissected out and
cannulated either as close to the oc
cluding lesion as possible or on the
arterial side of patent fistulae to per
mit proximal injection of 20 ml. of
contrast material. Radiographs were
obtained after injection of 5 ml. and 15
ml. of sodium diatrizoate.
Statistical Analyses of Pressure Data

Approximate pressures for the com
ponent under study, general portal pres
sure and the arterial input pressure
in the fistula experiments were derived

by subtracting the recorded caval pres
sure from the recorded portal pressure,
recorded component pressure and, in
the fistula series, the recorded arterial
pressure measured in a closed system
before anastomosis. Computer analysis
of the pressure data provided the arith
metic mean, standard error of the mean
and the “ t” value for comparison of se
lected means. Probability was deter
mined from Student’s t tables.
R e su lts

The number of distal venous ligation
experiments and the direct arterio
venous fistula experiments, all per-

TABLE I.— A cute Studies. N umber

Distal manipulation

of

E xperiments

Left gastric Splenic Gastroduodenal Mesenteric
vein
vein
vein
vein

Distal ligation....

4

4

4

4

Direct AV fistulae

5

5

5

5
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TABLE II.— O verall R esults— S urvival E xperiments

N o. o f dogs

Type o f fistula created

Patent
fistulae

Occluded
fistulae

Deaths

Interval
follow -up

Reversed splenic distal left gastric AV
fistulae..................................................

10

4

5

1

4-26 weeks

Reversed left gastric distal splenic AV
fistulae..................................................

20

4

14

2

4-22 weeks

Reversed splenic distal gastroduodenal
AV fistulae...........................................

10

2

8

—

6-10 weeks

4

3

1

Reversed left gastric mesenteric AV
fistulae..................................................

formed as acute studies, is given in
Table I. The overall results from the
survival experiments are summarized
in Table II.
The reversed arteriovenous fistulae
were well tolerated within the lesser
splanchnic system. There were three
apparently unrelated deaths in 40 ex
periments. However, similar manipu
lations were not well tolerated in the
mesenteric component. Three animals
died within 24 hours of operation from
enterocolonic hemorrhage, and venous
congestion was apparent at necropsy.
The one survival demonstrated an oc

M EAN

10.36

SEM

0.55

N o.

P<

27

20.27 36.32 103.48 17.78
0.46
1,78 6 .2 5 3.45
4
10
5

3

1 day-12 weeks

cluded fistula when examined after
three months.
A high incidence of fistula occlusion
was noted. The period of observation
ranged from four weeks to six months.
Pressure Studies

The pressure measurements recorded
with the different types of distal venous
manipulation are presented for each
component in tabulated bar diagrams
in Figs. 4 to 7. Each diagram compares
the derived component pressure achiev
ed with the different types of outflowtract manipulation with pooled derived

42.55 8976 53.27 143.02
3.55 3.79 3 .4 2 760
tI
4

0.001 0.001 (0.001) 0.001 0.001 (0.001) 0.001 (0.001)

Fig. 4.—The different pressures obtained with distal manipulation o f the left gastric vein. The
vertical columns represent the derived mean pressure in the different experimental groups
expressed in cm. H20 and the standard error o f the mean (S E M ); the number o f experiments
in each group and P values comparing left gastric pressure with either the pooled portal pres
sure or with the arterial input pressure in the fistula experiments are given.
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PORTAL PRESSURE
(PORTAL-CAVAL)
DISTAL V EN O US LIGATURE
(SPLEN 1C-CAVA L)
REVERSED AV FISTULAE
(SPLENIC-CAVAL)
LATE OCCLUDED FISTULAE
LATE PATENT FISTULAE
DIRECT AV FISTULAE
(SPLENIC-CAVAL)
ARTERIA L- C AVAL PRESSURE---

a
10.63
0.75
31

20.22 38.42 8794 1719 41.40 86.76 74.77 138.35
0.44 1.67 10.92 2.73 13.19 908 12.24 8.50
4
8
9
3
4
0.001 0.001 (0.001) 0.005 0.001 (0.01) 0.001 (0.01)

Fig. 5.—The pressure data recorded with distal manipulation of the splenic vein. The first
column gives the pooled derived portal pressure and subsequent columns give the pressures
observed with increasing challenges to the splenic component.

portal pressures and, in the fistula
experiments, with the derived arterial
input pressure. The vertical columns
represent the arithmetic mean of the
pressures expressed in cm. H20 in dif
ferent experimental groups and the
standard error of the mean (SEM) is
indicated by the conventional symbol.
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The figures below the columns include
the mean, SEM, the number of experi
ments in each group and the signifi
cance (P) of the difference between
the mean pressures with the different
types of distal venous manipulation
from the component under study and
the mean portal pressures. The brack-

26

24.45
1.64
4
0.001

31.99 96.63 9.07
1.16 5.30 2.45
10
6
0.001 (0.001) *

ARTERIAL-CAVAL P R E S S U R E ---

22.10 74.70 4742 133.15
5.80 7.70 1.66 2.42
2
4
0.001 (0.05) 0.001 (0.001)

Fig. 6.—Similar patterns of localized venous hypertension were noted with distal manipula
tion of the gastroduodenal vein. However, the late results with occluded reversed arterio
venous fistulae approximate portal pressures very closely.
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Fig. 7.—Localized venous hypertension was achieved with the three types of distal manipula
tion of the mesenteric vein hut distal ligation produced the greatest elevation of pressure
which was slightly above the arterial input pressure in the early reversed fistula experi
ments. Late studies were not possible.

eted P values beneath the arterial col
umns reflect the significance of the
difference between the mean arterial
input pressure and the mean component
pressure in the same group of distal
arteriovenous fistulae.
The pooled portal pressure is rep
resented by the first vertical bar in
each component and the second column
represents the component pressure
achieved with distal venous ligature.
The third and fourth columns represent
component pressure with the early re
versed arteriovenous fistulae and the
results with the late occluded and patent
fistulae are included where available
as the fifth, sixth and seventh columns.
The last two columns represent the com
ponent pressure achieved with the di
rect arteriovenous fistulae and the
mean arterial input pressure.
Left Gastric Venous System

The alterations in pressure observed
in selective left gastric venous manipu
lation are given in Fig. 4.
Localized left gastric venous hyper
tension was noted with each type of

outflow-tract
manipulation.
Modest
elevation of pressure was produced by
distal ligation and the reversed arterio
venous fistulae induced moderate ve
nous hypertension. Higher pressures
were recorded after direct arterial-dis
tal-venous manipulation. In all the fis
tula experiments the arterial input
pressure was significantly above the
final component pressure. The late re
sults with the reversed arteriovenous
manipulation are comparable to the
early results when the fistulae remained
patent and to the early distal ligation
results when the fistulae became oc
cluded.
Splenic Venous System

Similar patterns of localized venous
hypertension were noted in the splenic
component, with modest, moderate and
highest elevation of pressure induced
by distal ligation, reversed and direct
arteriovenous manipulation respective
ly. The changes in pressure are pre
sented in Fig. 5. Again the late results
in the survival experiments with patent
fistulae are comparable to the early
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results with reversed arteriovenous
manipulation or to the results of acute
distal ligation with fistula occlusion.
Gastroduodenal Venous System

The pressure data obtained by out
flow-tract manipulation of the gastro
duodenal vein are given in Fig. 6. The
pattern of pressure change is similar to
that in the preceding lesser splanchnic
components although the degree of
elevation for each type of manipulation
was slightly lower than either the com
parable left gastric or splenic pressure.
However, the late results from the oc
cluded long-term fistulae are not sta
tistically different from general portal
pressure. The two late patent fistulae
demonstrated modest venous hyperten
sion in relation to general portal pres
sure.
Mesenteric Venous System

The pressures recorded in the acute
studies and in the early reversed ar
teriovenous fistulae are presented in
Fig. 7. No late studies were possible.
The highest mesenteric pressures
noted were induced by distal venous
ligation. Reversed arterial-distal-venous
fistulae produced substantial elevations
of pressure, although these were the
lowest we recorded, while direct ar
teriovenous manipulation produced lo
calized venous hypertension of inter
mediate degree. The mean arterial input
pressure with the reversed arteriove
nous fistulae is slightly below the mean
component pressure after distal venous
ligation.
D iscussion

The method of study is considered
acceptable in purely physiologic terms
although it is not directly related to
the clinical problem of portal hyperten
sion. Water manometry is considered
an adequate method for static measure
ment of portal and caval venous pres
sures and for the degree of pressure
change induced surgically.
Current laboratory effort is directed
at an alternative method of study. Gen

Vol. 16

eral high-level portal hypertension is
induced surgically in acute experiments
and one component is drained selective
ly for comparison of pressure changes
throughout the proximal portal system.
Experimental Sequence

Pilot experiments with direct arterial-distal-left-gastric and splenic ve
nous manipulation were undertaken ini
tially. Animals subjected to direct
arterial-left-gastric fistulae died with
massive hematemesis and melena with
in 24 hours of operation. Obvious gas
tric venous congestion with consider
able blood in the stomach and intestine
was observed at necropsy. Animals with
direct arterial-distal-splenic fistulae
did poorly after operation and died or
eviscerated,
necessitating
sacrifice,
three to seven days postoperatively.
Gross splenomegaly and pancreatic
venous congestion were apparent at
necropsy. The reversed arteriovenous
fistulae were designed to obtain long
term survivors and still challenge in
dividual components with a significant
arterial overload. This phase of the
project was undertaken first and was
considerably prolonged in attempts to
obtain a small number of late patent
fistulae in each component. The direct
arteriovenous manipulations were re
peated in the left gastric and splenic
systems and completed in the other
portal components as acute experiments
for pressure and venographic studies.
The pressures achieved were known to
be disruptive in the left gastric, splenic
and mesenteric systems.
Finally the project was completed by
the distal venous ligation experiments,
in part because no technical problems
were anticipated and in part because
of laboratory experience with distal
venous obstruction in late left gastriccaval diversions and subsequently with
occluded fistulae in the late reversed
arteriovenous manipulations in the
lesser splanchnic components. Pressure
readings in the unsatisfactory late left
gastric diversions were consistently 10
to 20 cm. HoO above portal pressure and
left gastric and splenic pressures were
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Fig. 8.—This is the type of functional dia
gram of the proximal portal bed that might be
devised considering only the pressure data from
the distal ligation experiments. The lesser
splanchnic system is represented as essentially
continuous, with low-level barriers between
components and high-level barriers between
lesser and greater splanchnic systems.

generally 10 to 15 cm. H20 above portal
pressure in the occluded fistulae. Out
flow-tract obstruction was initially con
sidered an inadequate challenge to in
dividual portal components. The high
pressures induced by distal mesenteric
ligation were unexpected.
Localized venous hypertension was
achieved selectively in each of the proxi
mal portal components and the level of
pressure varied with the type of out
flow-tract manipulation. Functional
diagrams are presented in Figs. 8 to
10 to explain the pressure changes in
the different experimental series. In
each diagram the vertical dimension
approximates the pressure data but the
horizontal dimension has no signifi
cance.
Functional Diagrams

Fig. 8 represents the type of func
tional diagram that might be devised
using the pressure data from the distal
venous ligature experiments alone. Out
flow-tract obstruction is indicated. The
lesser splanchnic system is represented
as essentially continuous, with low-level
functional barriers between individual
components. The lesser splanchnic sys
tem is effectively separated from the
mesenteric component by high-level
functional barriers.
In retrospect, it is probably fortu
nate that this was the last experimental
series performed. Had it been under-
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Fig. 9.—The preceding diagram has been mo
dified to reflect the higher pressures in the
lesser splanchnic components achieved by re
versed arteriovenous manipulation noting low
er pressure in the mesenteric system. An
explanation for these findings is offered in
the text.

taken initially, particularly when the
technical problems of direct left gas
tric vein diversion seemed insoluble,
this scheme might well have been ac
cepted as definitive and distal splenic
diversion of the lesser splanchnic sys
tem endorsed without qualification.
However, it is not entirely accurate
as a functional model of the proximal
portal system.
In Fig. 9 the preceding diagram has
been modified to reflect the higher
pressures in the left gastric, splenic
and gastroduodenal components and the
lower pressures in the mesenteric sys
tem. The reversed arteriovenous mani
pulation is indicated (R) with intact
barriers above the levels of lesser
splanchnic diversion demonstrated by
outflow-tract obstruction. The compo
nent pressures achieved were well be
low arterial input pressure. Does the
difference between arterial input pres
sures and final component pressure re
flect the potential for collateral diver
sion or does it indicate continuity above
the higher-level barriers?
A vent in the mesenteric component
is indicated diagrammatically. The
pressure data suggest that the reversed
arteriovenous mesenteric fistula acted
as a conduit or venous collateral to per
mit return of mesenteric blood to the
lesser splanchnic system via the left
gastric artery.
The final modifications are incor
porated in Fig. 10 reflecting both the
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vents are indicated from the left gas
tric and mesenteric components as a
result of the angiographic findings.

Venographic Studies

F ig . 10.—The final m odifications are included
in th e above diagram . The le ft g astric, splenic
and gastroduodenal com ponents are re p re 
sented as fin ite and discrete, and a slightly
higher-level vent is depicted in th e m esen
te ric system . F u rth e r explanation is given in
th e te x t.

pressure studies in the direct arterio
venous manipulation and certain in
ferences from survival data and angio
graphic studies. The direct arteriove
nous fistulae are indicated (D ) and
the proximal portal components are de
picted as discrete and finite. Disruption
occurs in the left gastric and splenic
components at the pressure achieved
by direct arterial distal venous mani
pulation and in the mesenteric system
a t the lowest component pressure in
duced by the three types of outflowtra c t manipulation. A higher-level vent
is indicated in the mesenteric system.
The only explanation that can be offered
for the intermediate pressure is some
degree of systolic overload with sys
tolic peak pressure and some degree
of reversed flow in the fistula during
diastole permitting partial mesenteric
decompression. High level systemic

Retrograde or fistula venography
was not always feasible but limited ob
servations are possible. The findings
are summarized diagrammatieally in
Fig. 11. Venous channels are patent and
demonstrable at normal portal pressure.
In the lesser splanchnic components the
channels appear to enlarge to accom
modate both outflow obstruction and
considerable arterial overloading to
drain the obstructed component effec
tively by the pre-existing collateral
vessels. For example, the occluded left
gastric drains to the gastroduodenal by
tributaries anastomosing with the
right gastric vein and to the splenic
via the short gastric veins. The ob
structed splenic drains by the same
route to the left gastric and by the
gastroepiploic vessels to the gastro
duodenal as well as by splenocolic
branches to the caudal mesenteric vein.
Similarly, the gastroduodenal has three
anatomic routes for effective collateral
venous drainage or diversion. The
mesenteric, like the left gastric, has
two potential avenues for collateral
drainage but in the dog the potential
for diversion is limited.
The venograms in acute and chronic
obstructions and in the late patent
reversed fistulae in the lesser splanch
nic components were not appreciably
different. Two late patent left gastric
fistulae demonstrated collateral devel
opment to the systemic venous circu
lation by anastomosis with the phrenicoabdominal. Disruption was noted in
certain acute studies with occasional
variable diversion to the systemic
system.

Proximal Portal Component Relations
F ig. 11.—The venographic observations are
sum m arized diagram m atieally. The le ft gastric
and m esenteric system s have two anatom ic
p athw ays fo r collateral drainage w hile both
th e splenic and gastroduodenal com ponents
have three.

The relations of the individual portal
components are represented in Fig. 12.
Each component is represented as
finite and discrete at normal portal
pressure in each of the three draw-
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Fig. 12.—The proximal portal components are represented as finite and discrete. The only
difference in the three drawings is in the level and/or size of the indicated channels for col
lateral drainage.

ings. The only schematic difference is
in the level of indicated collateral di
version. In the figure on the right, the
level of collateral diversion approxi
mates the pressure attained with distal
venous obstruction. The middle figure
may represent more accurately proxi
mal component relations with discrete
components but collateral channels
available at normal portal pressure. The
capacity of these collateral vessels is
significant from and between the left
gastric, splenic and gastroduodenal
systems while the capacity for colla
teral drainage from the mesenteric sys
tem is relatively slight. A compromise
is offered in the third drawing which
has proved useful in current studies by
the alternative method of producing
relative venous hypotension in selected
components in experimental acute and
chronic portal hypertension. Low-level
barriers and a significant capacity for
collateral diversion are depicted between
lesser splanchnic components with mini
mal potential for collateral drainage
from the mesenteric component repre
sented diagrammatically. In each figure
functional separation of lesser and
greater splanchnic systems is indicated
by the level of collateral diversion or by
the size of the collateral vessels.
C o n c l u s io n s

The functional relationships of the
splanchnic venous bed have been studied

by three methods of inducing relative
venous hypertension in each of the four
canine proximal portal components.
The pressure studies, angiographic ob
servations and survival data permit
some conclusions.
(1) The proximal portal components
are finite and discrete. It may be of
undue emphasis to state that a venous
space is finite and discrete, but the ca
pacity, distensibility and potential for
collateral drainage may obscure the
simple fact in certain experimental
situations.
(2) The venous drainage of the foreand mid-gut, that is, of the lesser and
greater splanchnic systems, appears to
be functionally distinct. (It must be
noted that the mesenteric system was
studied only in acute experiments.)
(3) There is a remarkable potential
for collateral drainage from and be
tween the left gastric, splenic and gas
troduodenal systems in the dog. The
potential for collateral drainage pro
tects the experimental animals after
outflow occlusion of individual lesser
splanchnic components and after out
flow occlusion in addition to considera
ble arterial overload in acute and
chronic studies.
(4) Collateral drainage from the oc
cluded left gastric and splenic compo
nents is achieved only with some eleva
tion of proximal component pressure,
noted from the duration of the survival
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renal vein. This technique evolved during five
years of trial and error in the laboratory and
has afforded considerable success in achiev
ing long-term patency in normal dogs.

experiments. However, collateral drain
age after gastroduodenal occlusion is
accomplished at normal portal pressures
in a relatively short time (six to 10
weeks).
(5) The potential for collateral
drainage of the occluded mesenteric
vein is not significant in terms of pro
tecting the animal against the acute
challenges of these experiments.
Com m ent

Are observations on the dog of any
value in the consideration of the prob
lems encountered in clinical portal hy
pertension? If proximal portal physi
ology is comparable in the two species,
the observations may be pertinent in
attempting to evaluate newer selective
procedures advocated by Warren1214 and
Inokuchi.19,20
Anatomical Comparison of the
Two Species

Reference to Figs. 2 and 11 will
demonstrate certain similarities be
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tween the dog and the human in the
proximal anatomical relations. The left
gastric system in both species has
branches capable of anastomosis with
tributaries of the right gastric system
and others with the short gastric veins
to reach the splenic system. Qualitative
ly the systems appear identical. Simi
larly the splenic and gastroduodenal
systems seem to be identical in their
proximal anatomical relations within
the lesser splanchnic system. However,
in the dog the large tributaries of the
gastroduodenal system can anastomose
with tributaries of the cephalad mesen
teric trunk that are more prominent
than in the human. Also the branches
from the splenic vein which can anas
tomose with tributaries of the caudal
mesenteric may be slightly larger in the
dog. It should be noted that the distal
course, relationships and termination
of the left gastric, splenic, gastroduo
denal and mesenteric veins are entirely
different in the two species. However,
the species appear comparable in proxi
mal relationships. If the method of
study is acceptable, then selective de
compression is a rational therapeutic
concept.
Preliminary Report on Another
Technique of Selective Left Gastric
Vein Diversion

The high incidence of caval stenosis
and/or graft occlusion in the laboratory
with left gastric caval diversion
prompted trial of a left gastric-left
renal diversion achieved with an inter
posed autogenous vein graft and two
stapled anastomoses. The procedure
is illustrated in Fig. 13.
The chief virtue of this admittedly
derivative procedure is that it has af
forded considerable success in achiev
ing long-term patency (six months) in
normal dogs. Further evaluation in bet
ter experimental models is required.
Other Questions

Is the Warren operation superior to
the standard portacaval or splenorenal
shunt? Is it better to divert 25% to
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3 5 % of portal flow from the liver than
all the portal flow ? The distal splenic
diversion can be expected partially to
decompress the left gastric system in
view of the adequate venous channels
for collateral diversion in addition to
effectively lowering pressure in the
splenic system.14
Does the Inokuchi procedure offer
any significant advantage over distal
splenic diversion of the lesser splanch
nic system ? Is superselective better than
selective drainage? W ill the smaller left
gastric diversion afford long-term pa
tency? Left gastric diversion can be
expected to reduce pressure in the left
gastric system and decompress esopha
gogastric varices.20 Moreover, it can be
expected partially to drain other lesser
splanchnic components as a result of
the potential for collateral drainage
between the left gastric, splenic and
gastroduodenal systems. Diversionary
flow in portal hypertension would be
enhanced by contributions from the
gastroduodenal and splenic systems and
might be sufficient to ensure continued
patency. Laboratory work can be inter
preted only as suggesting that it is
difficult in the experimental animal
with normal portal venous pressure and
in this situation two stapled venous
anastomoses may prove of some benefit.
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R e su m e
Les auteurs ont etudie les relations fonctionnelles du lit veineux splanchnique par
trois methodes permettant de realiser une
hypertension veineuse relative dans chacun
des quatres elements proximaux du systeme
porte chez le chien. L’etude des pressions,
les examens angiographiques et les donnees
de survie ont permis de tirer certaines conclu
sions.
(1 )Les composantes proximales du systeme
porte sont limitees et discretes. II peut etre
excessif de rappeler qu’un espace veineux est
limite et discret, mais, dans certaines situations
experimentales, la capacite, la dilatabilite et
les possibility d’un drainage collateral risquent de masquer ce simple fait.
(2) Le drainage veineux des portions anterieure et mediane de l’intestin, c’est-a-dire le
petit et le grand systeme splanchnique, est
radicalement distinct.
(3) Chez le chien, il existe un potentiel con
siderable de drainage collateral a partir des /
et entre les systemes gauches gastrique, sple-
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nique et gastroduodenal. La possibility de
drainage collateral protege l’animal apres
occlusion des voies de drainage des composantes splanchniques mineures et apres occlu
sion des voies de decharge en plus de la forte
surcharge arterielle constatee dans les etudes
aigues et chroniques.
(4) On ne peut realiser un drainage colla
teral, apres occlusion des composantes gauches
gastriques et splenique que par une certaine
augmentation de la pression proximale de

cette composante, en tenant compte de la duree
de survie des animaux d’experience. Cependant, ce drainage collateral apres occlusion
gastroduodenale s’effectue a la pression normale du systeme porte dans un delai relativement court (six a 10 semaines).
(5) Enfin, le potentiel de drainage collate
ral apres occlusion de la veine mesenterique
n’est pas suffisant pour proteger l’animal
contre les agressions aigues utilisees dans ces
experiences.

AORTIC VALVE REPLACEMENT — A PERSONAL VIEWPOINT*
ALAN S. TRIMBLE, M.D., F.R.C.S.[C], F.A.C.S., Toronto, Ont.

I n the late 1950s, when it became evi
dent that many aortic valves had to be
replaced, surgeons attempted to du
plicate the human valve using a variety
of cloth materials. These soon proved
ineffective and were abandoned. About
10 years ago the ball valve prosthesis
became available and since that time
literally hundreds of experimental and
clinical models have been marketed.
During this same period interest be
came centred on biological tissues for
valve replacement, in the hope that
some of the early complications noted
with prosthetic valves could be avoided.
To date prosthetic replacement con
tinues to be the most common. There is,
however, a wide experience in the use
of homograft valves and more recently
of valves fashioned from fascia lata, to
replace the aortic valve. This review
attempts to assess the merits of each
of these common forms of valve sub
stitution.
G e n e r a l E xpe r ie n c e

The results of aortic valve replace
ment using prosthetic devices, homo*From the Division of Cardiovascular Surgery
and the Cardiovascular Unit, Toronto General
Hospital, Toronto 101, Ont.
Supported by the Ontario Heart Foundation
and the Medical Research Council of Canada.

grafts and grafts of fascia lata will be
discussed. An arbitrary grading sys
tem is applied, ranging from “ excellent”
( + + + ) to “ poor” (0) (Table I). Dis
cussion of the early results will centre
on availability, operative technique and
immediate valve function. Complica
tions can be summarized as being at
tributable to thromboembolism, anti
coagulation and infection. The late re
sults will include flow characteristics
and durability (Table I).
E a r l y R e su lts

All prosthetic devices, whether they
be ball, disc or hinge type, must be
considered excellent. A wide range of
T A B L E I.— A C ritical E valuation of
R esults of A ortic V alve R eplacement
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Fig. 1.—A Starr-Edwards ball valve pros
thesis (Model 1200).

sizes and shapes is available to suit
any individual situation. Because of the
ample sewing ring they are relatively
easy to insert. Engineering finesse has
resulted in excellent hemodynamic
function with a perfectly competent
valve if it is well seated. However, they
are expensive and this can create a
problem in countries outside North
America. The commonest valve utilized
has been the Starr-Edwards ball valve
prosthesis (Fig. 1).
Human homografts obtained at au
topsy receive a lower grade of excel
lence (Fig. 2). Their acquisition has
become complicated by legalities and
limitations in personnel, so an im
mediate supply may not be available.
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Clinical and experimental evidence sug
gests that methods of sterilization and
storage utilized to provide banks of
such valves may well prove detrimental
to late function. Their use is now lim
ited to a few centres around the world
and the trend is to use fresh, antibiotictreated grafts. The successful surgical
insertion of a homograft requires a
great deal of experience. Usually they
are not frame-mounted and an intricate
double-line suture technique must be
used to place the valve accurately;
this prolongs operating time. Any de
formity in the positioning of the valve
may affect its early function and result
in valvular insufficiency.

Fig. 3.—A fascia lata valve moulded on to a
stent.

While living fascia lata is available
in every patient, age changes and
strength may vary in any individual.
A technique has been devised for mould
ing the valve on to a frame but this
extends the operating time. It has been
shown that adequate competency of the
valve is dependent upon the accuracy
of the moulding process (Fig. 3). Be
cause it is mounted on a cloth-covered
stent, the technique of insertion can be
considered comparable to that used for
the prosthetic devices. The additional
time required for moulding must be
taken into consideration and therefore,
like homografts, fascia lata is graded
“ fair” .
C o m p l ic a t io n s

Fig. 2.—A human homograft valve acquired
at autopsy.

It was the early complication rate
from thromboembolism and the con
sequent need for anticoagulation in
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using prosthetic devices that prompted
surgeons to seek superior forms of
biological tissues. Recent changes in
design have reduced the incidence of
thromboembolism and it has been sug
gested that with the latest models it is
so low that anticoagulation is unneces
sary. Most centres, however, continue
the practice and of course this carries
its own related risk. In addition, it has
become evident that endocarditis can
affect these devices. Extreme care must
be taken to avoid intraoperative conta
mination. It has been documented that
late infection has originated from such
sources as infected teeth. A new spec
trum of bacteria has been recognized
as responsible including “non-pathogenic” organisms and fungi. While sig
nificant improvements have been made
over the past 10 years in regard to this
complication, we must grade prosthetic
grafts below the other types of valves.
In general, anticoagulants have never
been used with homograft replacement
where the incidence of thromboembo
lism is almost nil. In the occasional
reports of infection on such valves this
can often be related to valvular dys
function. A similar situation has now
been documented with the stented
fascia lata valve.

this may be extended to a full life
span. Certain changes, such as ball
variance, however, have occurred with
older models and have led to changes in
engineering and design. There is still
an element of concern that any prosthe
tic device that is not completely incor
porated within the body may develop
problems and primarily for this reason
aortic valve replacement continues to
be a palliative procedure.
As mentioned, few centres are now
using homograft replacement. However,
a follow-up comparable to that for
prosthetics is available and has shown
they can stand up for an equal period
of time. Whether the “vital” or “static”
nature of the type of valve inserted will
eventually affect its ultimate fate re
mains to be seen. For this reason homo
grafts must be given a lower rating
than prosthetics. The experience with
mounted fascia lata extends for only 31/2
years and, while the clinical results
continue to be excellent, a much longer
follow-up will be necessary before it
can be adequately compared to the
other methods. Early thickening and
questionable viability of the tissue have
been demonstrated. It is hoped that this
will be a self-limiting process.

It is in this area that one can be
least definite. All prosthetic devices
presently in use have lateral flow char
acteristics. These create turbulence
and there continues to be concern about
their effect, not only on the prosthetic
device itself, but upon late myocardial
function. With fascia lata, central flow
characteristics are allowed; because of
the nature of the stent there may be a
certain degree of turbulence and time
alone will tell whether this will create
late problems. As far as we know, these
problems are completely avoided with
homograft insertion. Durability is re
lated to time and the stresses of con
tinually functioning in the human
bloodstream. Some patients have now
survived 10 years with prosthetic de
vices and bench fatigue tests indicate

The hospital mortality for aortic
valve replacement is now under 10%.
Our review substantiates that while im
provements are being made in both ear
ly and late results, we have not yet
reached the ideal form of valve substi
tution and therefore the operation must
still be considered palliative and not
curative. For this reason most centres
continue to be conservative in managing
patients with valvular heart disease.
While this review has been oversim
plified, it seems that the continued use
of prosthetic devices is certainly war
ranted in most centres. This should not
be at the expense of the other tech
niques. Should the excellent late results
continue and the low complication rate
be maintained in the few centres using
homografts, we may be obliged, as
surgeons, to accept the responsibility

Late R esults

S ummary
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for setting up provision for the acquisi
tion and storage of these valves and
learning the technique. For the moment,
the use of mounted fascia lata should
not be encouraged until the late results
of an adequate group of patients can
be documented.
In other forms of surgery with a
much longer history than that of cardio
vascular surgery, more than one single
technique may be chosen to solve an
individual problem. It may be that each
of these methods of aortic valve replace
ment will have a place in the future.
While we do not yet have the ideal
valve substitute, the results of the re
search, development and investigation
of the past decade have been encourag
ing. This is a tribute to the many car
diovascular surgeons throughout the
world who have contributed and it is to
be hoped that their efforts and the
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stimulation they have given to others
will ultimately result in the perfect
valve.

Resu m e
Au cours de la derniere decennie, on a
utilise diverses techniques pour rem placer la
valvule aortique chez l’homme. Les plus courantes sont des appareils prosthetiques, des
homogreffes et des valves faites d’aponevrose
femorale. D’une fagon generale, la presente
revue tente de resumer les resultats precoces
et tardifs de chacune des techniques utilisees.
L’expose est concentre sur les avantages et
les problemes inherents aux diverses form es
de remplacement et il en evalue les resultats
globaux. II est indeniable que les appareils
prosthetiques continuent de donner des resul
tats favorables. Dans un certain nombre de
centres specialises, les homogreffes se sont
reveles egalement satisfaisantes. Q uant a
l’aponevrose femorale, le bilan est encore trop
limite pour justifier actuellement son emploi
continu. Chacune de ces methodes a ses propres limitations, ce qui signifie que la methode
ideale n’a pas encore ete trouvee. II est done
permis de conclure que le rem placement de
la valvule aortique est encore un palliatif
plutot qu’un veritable traitem ent curatif.
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CAVERNOUS HEMANGIOMA OF THE GALLBLADDER AND LIVER*
JOHN H. MOFFAT, M.D., F.R.C.S.fCJ.t

Galt, Ont.

gallbladder was found to be distended and
very firm, measuring 18 x 9 x 9 cm. Sur
prisingly, it was free of adhesions and
scarring, which might have been expected
in view of the four-month history of illness.
Because the enlarged gallbladder was
crowding the operative area, aspiration was
attempted to make it more manageable.
The largest trocar (an unfortunate choice)
was plunged into its dome through a purse
string suture. Because the gallbladder could
not be decompressed, and because the
aspirate appeared to consist entirely of
blood, the trocar was removed to be fol
lowed immediately by a geyser of blood
from its site of entry. The blood was ob
viously under arterial pressure and could
not be controlled by tightening the purse
string suture. Eventually it was stopped
by compressing the porta hepatis between
the finger and thumb of the right hand.
Each time the pressure was released the
gallbladder filled to its previous size with
a marked “thump” and the fountain of
blood was renewed. There was no doubt
that the trocar was in the lumen of the
gallbladder, and it was difficult for us to
reconcile ourselves to the discouraging fact
that the arterial circulation must somehow
communicate with the interior of the gall
bladder.
The incision was widely extended and
it was at once noted that the right hepatic
lobe was partially collapsed and had a num
ber of cavities within its substance. These
cavities appeared to develop when the ar
terial supply was clamped to a cavernous
hemangioma arising in the porta hepatis.
At this point, it was possible to place
an angled Pott’s clamp across the cystic
duct area and properly assess the situation
in the porta hepatis. Extremely large ves
sels, under arterial pressure, ramified
widely over the area. They tended to em
anate from the celiac axis into the region
of the head of the pancreas. They passed
upwards through the wall of the gallbladder
and entered the liver. Approximately onethird of the substance of the right hepatic
lobe was occupied by the cavernous heman
gioma. The lesion was attacked by gaining
proximal control of the feeding arteries.
This required the clamping of two vessels,
*From the Department of Surgery, South each approximately 2.5 cm. in diameter,
Waterloo Memorial Hospital, Galt, Ont.
one coming off the right side of the celiac
f64 Water Street South, Galt, Ont.
axis and the second arising from a point

It was frequently claimed by Dr. George
Wilson, former Chief of Surgery at St.
Michael’s Hospital in Toronto, Ontario,
that, inch for inch, the porta hepatis
was the site of more surgical woe than
any other area in the abdomen. A re
cent intimidating experience in this
area, as well as the demonstration of
uncommon pathological findings, has
prompted the following report.
Case R eport
A 57-year-old man was seen in November
1965 complaining of crampy, intermittent,
epigastric pain associated with jaundice for
the past three months. The jaundice had
been accompanied by darkening of the
urine. Each attack of pain had seemed to
terminate with the passage of an abnormal
stool, described by the patient as having
the appearance of “dark spinach”.
For many years he had experienced
marked shortness of breath. His medical
history included three episodes of renal
colic, calculi being identified on each occa
sion. His intravenous pyelogram and serum
calcium studies were normal.
On physical examination, the patient
was obviously moderately jaundiced. His
blood pressure was elevated to 160/110 mm.
Hg. There was moderate tenderness and
guarding in the right upper abdominal
quadrant. Marked venous varicosities were
noted in both legs.
Laboratory examination disclosed that
the patient was suffering from a moderate
iron deficiency anemia. Bile and urobilin
were present in the urine. The alkaline
phosphatase level was 6.8 I.U. and the total
serum bilirubin ranged from 3.6 to 6.8
mg./lOO ml. The SGOT was 187.5 units/
ml. Considerable cardiac enlargement was
evident by radiography. A bone survey
showed no signs of hyperparathyroidism.
Cholecystography done while jaundice was
absent demonstrated a non-functioning
organ after iopanoic acid (Telepaque) had
been taken on four successive days. A diag
nosis of cholecystitis, cholelithiasis and
choledocholithiasis was made.
At laparotomy in November 1965 the
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between the second portion of the duodenum
and the pancreas. By this means the hemor
rhage was completely controlled whereupon
the lesion collapsed.
Because the wall of the gallbladder was
traversed by immense vascular channels,
and because these then passed into the
substance of the liver, we planned that the
back wall of the gallbladder should be left
in situ in order to permit control of hemor
rhage from the intramural vessels. Accord
ingly, the gallbladder was opened at its
dome and removed from its bed by sharp
dissection, leaving a 1-cm. strip behind.
This strip of gallbladder wall was occupied
by vessels measuring up to 2.5 cm. in
diameter. The walls of the gallbladder were
then oversewn with a running locked
chromic catgut suture. The clamps were re 
moved and hemostasis was judged to be
complete.
The common duct was explored with
some difficulty because of the formidable
vascular channels in its area. A normal
cholangiogram was obtained.
The operative specimen measured 12 x 5
x 2 cm. and weighed 88 g. Large arterial
vessels, some of which measured 2 cm. in
greatest diameter, were seen in the wall of
the gallbladder and were particularly promi
nent in the cystic duct area (Fig. 1). The
duct itself was extremely dilated and meas
ured approximately 1 cm. in diameter
where it was transected. No calculi were
present. There was an ulcerating condition
of the gallbladder mucosa, and recent and
organizing thromboses were found in vari
ous areas of the cavernous hemangioma.
In February 1966, a selective celiac
arteriogram and aortogram with cinefluorography were obtained. A large right
hepatic artery was seen extending upwards
and then to the right in the direction of
the liver. Some of the contrast material
spilled into the superior mesenteric artery,
which communicated with the hepatic, pos
sibly representing an abnormal right hepa
tic artery. The dye then entered a pool of
vessels extending into the medial half of
the right lobe of the liver. The feeding ves
sel measured about 15 mm. in diameter on
the film. Towards the end of the film strip
it was noted that the dye drained superiorly
in the direction of the hepatic veins. The
rate of flow through the malformation was
extremely rapid and precluded a picture
with the usual clear definition.
The patient did extremely well postoperatively and returned to work eight weeks
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after his operation. His jaundice did not
recur. He noticed a striking increase in
exercise tolerance. His blood pressure was
170/90 mm. Hg. A gross bruit was audible
above the right costal margin.
The patient continued in relatively good
health until July 1970 when he died sud
denly of a coronary thrombosis. At autopsy

Fig. 1.—Resected gallbladder in cross-section.

the residuum of the cavernous hemangioma
was noted. The liver weighed 1450 g. There
were dilated arterial and venous channels
arranged around the hilum of the liver.
Some o f the vascular spaces measured up to
3 cm. in diameter. The portal vein and
common bile duct were unremarkable.
The hepatic artery was tortuous and di
lated both in its intrahepatic and extrahepatic course. In the area of bifurcation
it measured up to 1.5 cm. in diameter and
showed some focal saccular diverticula. Mi
croscopically, the lesion was considered to
be a cavernous hemangioma (Fig. 2 ).
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16 years earlier. It measured 6 x 8 cm.,
was removed surgically, and the com
ment was made that its “ exact patho
genesis is open to speculation” .
The liver, on the other hand, is the
commonest site of cavernous heman
giomas associated with the intestine.
The condition was reviewed in 1969 by
Ecker and Doane4 who described two
cases.
The credit for the first description
of the lesion must be accorded to Rok
itansky and Virchow. In 1956 Henson,
Gray and Dockerty5 of the Mayo Clinic
reported 35 such lesions. Adami6 found
20 cases in 1400 autopsies, giving some
evidence of its true incidence, i.e. 1%
to 2% . Etiologically the lesion is be
lieved to represent a tissue malforma
tion or hamartoma, not a neoplasm.
The American Armed Forces Insti
tute of Pathology, Index of Tumor
Pathology, does not list cavernous
Fig. 2.—Postmortem view of the liver from
the posterior aspect, near the junction of the
hemangioma as a gallbladder neoplasm.
hepatic veins and the inferior vena cava,
Signs and symptoms are generally
showing grossly dilated vascular channels.
caused by the size of the lesion, or by
D is c u s s io n
its encroachment on other viscera, since
Cavernous hemangioma involving the it occasionally reaches very large size.
gallbladder, although mentioned by Epigastric discomfort associated with
Robbins,1 is an extremely rare lesion. a palpable mass and a bruit are the
A search of the literature locates only most characteristic findings. Occasion
one case report by Sewell and Miron,2 ally a characteristic type of calcifica
who described a 2 x 1-cm. cavernous tion seen on a plain radiograph leads
hemangioma in an otherwise normal to the diagnosis in asymptomatic pa
tients.
gallbladder removed because of vague
Surgical extirpation is the treatment
upper abdominal discomfort; it was
of
choice on the grounds that the lesion
associated with a filling defect in the
can
enlarge to the point of rupture.
cholecystogram. The case was remark
able because of the presence of a simi However, and more practically, it is
lar but smaller lesion of the vocal cords. generally conceded that it is prudent to
A case with some relevance was de balance the obvious risk of fatal hemor
scribed in 1967 by Arbab and Brasfield3 rhage with the advantages of complete
in reviewing 19 benign tumours of the removal. Radiation can be used to ad
gallbladder found at the Memorial Hos vantage in inoperable cases, should the
pital for Cancer and Allied Diseases, symptoms merit it.
In the case we present, the symptoms
New York, between 1937 and 1964.
Twelve of these were papillomas, five appear to have stemmed from rupture
were adenomyomas, and there was one of the lesion into the gallbladder lumen,
cavernous hemangioma. The heman causing the clinical picture of cholecys
gioma was discovered in the gallbladder titis and choledocholithiasis, together
fossa of a 60-year-old woman who con with anemia. It is the opinion of the
tinued to have gastrointestinal symp author that the lesion also accounted
toms after a cholecystectomy performed for a degree of high output cardiac
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CAVERNOUS HEMANGIOMA
Clinical Application, second ed, Phila
failure which was substantially im
delphia, Saunders, 1962, p 754
proved by the interruption of some of 2. S ewell
JH , Miron MA: Benign cavernous
the vascular channels.
hemangioma of gallbladder. Arch
Pathol 88: 30, 1969
3. A rbab AA, Brasfield R : Benign tum ours
Summary
of gallbladder. Surgery 61: 535, 1967
JA, D oane W A : Massive cavernous
A patient is presented in whom a 4. E cker
hemangioma of liver. Case reports and
cavernous hemangioma of the liver and
review of literature. A m J Gastroenterol
52 * 25 1969
gallbladder caused symptoms mimick 5. H enson
SW, Gray HK, D ockerty MB:
ing those of cholelithiasis, choledoehoBenign tumors of liver: hemangiomas.
Surg Gynecol Obstet 103: 327, 1956
lithiasis and arteriovenous fistula. A 6. A dami
JG: Principles of Pathology, Lon
review of the literature relating to this
don, Frowde, 1909
condition is presented.
March 1973

Thanks are extended to the family doctor,
Dr. H. B. Miller of Preston, Ontario, and to
Dr. C. B. Baker of St. Michael’s Hospital,
Toronto, who dealt so successfully with the
problem.
R eferences
1. R obbins SL: Textbook of Pathology, W ith

R esu m e
L’auteur presente un homme de 57 ans,
souffrant d’un hemangiome caverneux du foie
et de la vesicule biliaire, dont les symptomes
simulaient ceux d’une lithiase biliaire, d’une
choledocholithiase et d’une fistule arterioveineuse. L’auteur passe en revue la litterature
pertinente.

176

THE C A N A D IA N JO U R N A L OP SURGERY

BOOK

REVIEWS

AN G IO G R AP H IE UN D IHRE FORTSCH R ITTE. Arbeits- und Fortbildungstagung 7.-9. Mai 1970 in Baden-Baden.
Edited bv Kurt Egon Loose. 308 pp.
Blust. Intercontinental Medical Book
Corp., New York; Georg Thieme Verlag, Stuttgart, 1972. DM 98,00. $28.65
(approx.).

This book from Germany records the pro
ceedings of a meeting held in May 1970
dealing with the broad aspects of angio
graphy. A large number of papers are
given in a short, condensed form, grouped
under such headings as technical ad
vances, anesthesia during angiography,
angiography in peripheral vascular sur
gery, of the internal organs, in acute
trauma and in tumour diagnosis, cerebral
angiography. Chapters on phlebography
and lymphangiography are added.
As can be expected with a list of over
170 contributors, the individual papers
vary widely in quality, and repetition
could not be avoided. Some are merely
case reports while others are based on
large series of angiographic examina
tions. The latter contain decidedly useful
information. Also valuable are the re
ports on newer techniques, e.g. television
subtraction procedure, stereometric an
giography, recanalization of obstructed
atheromatous vessels by catheters and
guidewires.
In many of the articles the transition
from the spoken presentation has been
unsuccessful and frequently the text and
accompanying diagrams are not in ac
cord. Only a few of the slides shown at
the meeting could be reproduced and one
finds many comments on diagrams that
have been omitted. The quality of the
reproductions, as is usual in German
books, is excellent, so that many interest
ing angiographic pictures are displayed.
References are extremely scanty, in
fact absent in most of the papers, even
when authors are named in the text. An
index would have been helpful in retriev
ing information from a book dealing with
so many different topics.
The book is primarily of interest to
radiologists concerned with angiography;
the peripheral vascular surgeon may also
find some useful information. The price
seems high for a book of this size but
can be attributed to the cost of the many
illustrations included.
B. F riedli
The Hospital for Sick Children,
Toronto, Out.

Vol. 16

APPLIED SURGICAL A N A T O M Y . Charles
Marks. 598 pp. Illust. McGraw-Hill
Ryerson Limited, Toronto; Charles C
Thomas, Publisher, Springfield, 111.,
1972. $22.50.

This textbook of anatomy, written by a
surgeon, should prove interesting to meddical students and valuable to surgical
residents. The anatomy is concisely pre
sented on a regional basis and clinically
oriented. Descriptions are brief and detail
is less than in classical anatomy texts.
Appropriate embryology and classifica
tions are introduced, e.g. the malforma
tions related to the vitelline duct. Most
illustrations are in a separate section.
Radiographs are included. Broad areas of
clinical application are covered, such as
pathology, endoscopy and surgical ap
proaches. For example, the section on the
esophagus describes constrictions of the
esophagus, lye burns, esophagoscopy with
biopsy, esophagobronchial fistula. This is
not an atlas of surgical exposures and
does not include surgical techniques.
Technically the book is attractive. The
type is large and the headings are clear.
More figures would be useful and the
book should be used in conjunction with
an anatomical atlas.
This book fulfils a real need, spanning
the gap between classical anatomy and
modern surgery. Since little curriculum
time is devoted to anatomy, it will interest
undergraduate medical students while cli
nical clerks and residents will find it
useful for reference. It will not satisfy
the classical gross anatomists, it contains
no material for histologists, but will be a
nostalgic review for surgeons over 40.
S. E . Carroll
Department of Surgery,
St. Joseph’s Hospital,
London, Ont.

CARDIAC SURGERY. 2nd ed. Edited by
John C. Norman. 703 pp. Illust. Appleton-Century-Crofts, Educational Divi
sion, Meredith Corporation, New York,
1972. $18.95.

The adolescent science of cardiovascular
surgery is still without one authoritative
text, perhaps because it will not stop
growing long enough to be examined.
The monumental task of providing an
overview of the subject was initially un
dertaken by Dr. John C. Norman in 1967
when he wrote the first edition of “Car(Continued on Adv. page S3)
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diac Surgery” . Recently, Dr. Norman and
54 co-authors re-examined the science, and
their results are presented in this second
edition.
This enjoyable and readable text is div
ided into seven sections. The initial his
torical section reviews major contributions
to the art, concentrating mainly on the
period after the first closure of the ductus
in 1939.
Section II admirably surveys the basic
science aspects of cardiovascular surgery
including physiology, anesthesiology and
various extracorporeal techniques. Here
the text lacks the depth required by a se
rious student although the material pre
sented is extremely authoritative and well
referenced.
In sections III and IV various aspects of
cardiac surgery at all ages are described.
Basic concepts are clearly presented with
simple line diagrams and clear x-ray photo
graphs, especially in the pediatric section.
One must occasionally question somewhat
enthusiastic statistical figures which give
the impression that the three-year patency
rate of aortocoronary bypass grafts is 90%
or the postoperative mortality rate o f te
tralogy of Fallot is 7% .
Complications of cardiac surgery are
dealt with in section V. This presents a
superficial study of respiratory failure, re
nal failure and postoperative infection.
In section VI recent developments in
cardiac surgery are described, with dis
cussions of cardiac transplantation, assisted
circulation and artificial prosthesis. The
chapter by Simmons, Foker and Najarian
entitled “ Immunologic Basis of Cardiac
Allograft Rejection” is a new and welcome
addition. The authors present a clear, con
cise and informative review of modern
immunology and its relationship to the
rejection problem.
In the final section Harkins writes brief
ly on the future of cardiac surgery with
specific attention to prospects in assisted
circulation.
Dr. Norman has indeed achieved his
objective— to provide “ a series of points
of view” and a “ concise cross-sectional
sampling of contemporary thought in car
diac surgery” . This reasonably priced text
is recommended as a succinct overview of
modern cardiovascular thought and practice.
M. M. Goldbach
F. D utka
Toronto Western Hospital,
Toronto, Ont.

DERMAL PATHOLOGY. Edited by James
H. Graham, Waine C. Johnson and Elson
B. Helwig. 819 pp. Must. Harper & Row,
Publishers, Inc., New York, 1972. $45.00.

In the preface of this volume the editors
define the contents and the readers to whom
it is directed as follows: “ Dermal Pathol
ogy developed from the annual Postgraduate
Course initially held at The Skin and
Cancer Hospital in Philadelphia. The for
mat is organized into five sections: basic
information,
inflammatory
dermatoses,
granulomatous dermatoses, nevi and neo
plasms, and reticuloendothelial and alterna
tive dermatoses. This approach to the study
of dermal pathology was initially used in
syllabi for courses given by the American
Academy of Dermatology prepared by the
American Registry o f Dermal Pathology
at the Armed Forces Institute o f Path
ology [in Washington, D.C.]. The . . . text
is so organized to enable the general path
ologist, dermal pathologist, dermatologist,
and resident physician [in dermatology or
pathology] preparing for specialty boards
to improve his ability to diagnose skin
lesions.”
The range o f topics presented is large
— from superficial fungus infections to
spindle cell squamous carcinoma, from acute
epidermal necrolysis to sarcoidosis and
tuberculoid leprosy and from stasis derma
titis to cytodiagnosis o f cutaneous tumours.
Some material is new, some old. The devo
tion of a whole chapter to a discussion of,
for example, the histopathology of an un
usual variety o f squamous cell cai’cinoma
(viz. adenoid squamous cell carcinoma) is
excellent in-depth teaching material. In
general the photomicrographs are excellent.
There is a good index.
While this reviewer would like to see
more pathology of all sorts taught to sur
geons and surgical residents this is not the
text for them to use to learn dermatopathology. It is too highly specialized and by
its very nature incomplete. Any surgeon
or surgical resident interested in dermatopathology would be much better advised to
study one of the standard complete texts.
R. J ackson
310 O’Connor Street,
Ottawa, Ont.

FUNCTIONAL ANATOMY AND HIS
TOLOGY OF THE LUNG. Chuzo Nagaishi. 295 pp. Illust. Igaku Shoin Ltd.,
Tokyo; University Park Press, Balti
more, 1972. $49.50.
It seems almost redundant and perhaps
impertinent of this reviewer to make any
comments on this encyclopedic survey of
the anatomy and histology o f the lungs by
Professor Nagaishi. It has received such
high accolades from the upper echelons of
medicine, surgery and anatomy in the
United States, Russia and Western Europe
(Continued on Adv. page 36)
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Swann
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that there is little to add to these remarks.
The text covers in the finest detail every
aspect of anatomy, histology and function
ot the pulmonary and pleural systems. The
references, although they could be better
located than at the back of the book, are
complete and up-to-date. The illustrations
are profuse and detailed. The text itself is
clearly written with little redundancy and
is difficult to criticize. It is not a text for
the bedside or one which would be of much
use on the shelf of the practising chest
physician, surgeon, or resident, but it
should be available in every medical library
and every cardiopulmonary unit for refer
ence to the detailed structure and function
o f the lungs and pleura.
R. B. L y n n
Cardiovascular and Thoracic Surgery,
Queen’s University,
Kingston, Ont.

done by trained non-medical personnel.
Exciting research into physical or chemical
methods might even obviate the surgeon!
Puerperal ligations are associated with
increased morbidity in the presence of dif
ficult labours or anemia. The culdoscopic
approach, as done in Mexico City and
Miami, under local anesthesia, should fur
ther reduce complications. Tubal ligation
is more expensive but is cheaper than
supervising intrauterine devices or oral
pills.
This volume contains a wealth of ma
terial, from technical details of operations
and current data on acceptance and success
rates of various methods of contraception
in different cultures to exciting possibilities
for the future by the biomedical engineer.
This volume can be recommended to
gynecologists, urologists and program direc
tors of organizations interested in popula
tion control.
A . A . E ar n

HUMAN STERILIZATION. A Conference
Sponsored by International Institute
for the Study of Human Reproduction,
College o f Physicians and Surgeons of
Columbia University and Center for
Population Research, National Institute
o f Child Health and Human Develop
ment. Edited by Ralph M. Richart and
Denis J. Prager. 402 pp. Illust. Charles
C Thomas, Publisher, Springfield, 111.;
McGraw-Hill Ryerson Limited, Toronto,
1972. $21.00.
This volume contains the proceedings of a
conference held in October 1969 at Cherry
Hill, New Jersey. The participants included
gynecologists, urologists, program directors
and biomedical engineers from most parts
o f the world. Both formal and informal
proceedings were recorded.
The current status o f tubal ligation and
vasectomy is clearly defined and well il
lustrated. Challenging techniques for sim
plifying these methods are discussed. It is
concluded that surgical sterilization is one
o f the best methods for contraception at
present available. It is the most acceptable
method in the Orient, where, although
centres for reverse procedures have been
established there are few requests. Some
papers discussed reversible occlusive meth
ods but these are still experimental.
It is claimed that less than 1% of vasec
tomies and Pomeroy tubal ligations are
followed by pregnancy. Transuterine occlu
sion of tubal ostia using heat or cold were
associated with high failure rates. Vasec
tomy under local anesthesia shows the
greatest safety rate; complications are
rare. Cost-wise, it appears to be the
cheapest method of birth control available
today. In the Orient vasectomies are being

203 Edmonton Street,
Winnipeg, Man.

INTRAOCULAR INJURIES. Their Imme
diate Surgical Management. George M.
Haik, William H. Coles and Elizabeth
M. McFetridge. 133 pp. Illust. Lea &
Febiger, Philadelphia; The Macmillan
Company o f Canada Limited, Toronto,
1972. $13.75.
This is a lucidly written, beautifully il
lustrated, rather elegant monograph on the
subject of intraocular injuries. It deals with
the subject in an elementary way and is
an excellent introduction to the subject for
a junior resident. The early emphasis on
the importance of fibrosis in causing
serious complications is most valuable be
cause this is an aspect that is often for
gotten.
While the general principles of manage
ment are well stated, there are a number
of details with which many would disagree.
For example, the authors insist that no
local steroids should be given for five days
after operation and they condemn the use
of ointments. Moreover, they advise that
a corneoscleral wound should be closed from
behind forwards whereas it is probable that
many experienced surgeons would recom
mend the opposite.
There are also some omissions. There
is no mention of the use of subconjunctival
antibiotics or o f the aspiration technique
for traumatic cataracts. One serious omis
sion is a clear statement of the signs of
a posterior scleral rupture, namely a soft
eye, a deepened anterior chamber and
vitreous hemorrhage. Many would also
disagree with the statements that miotics
( Continued on Adv. page 38)
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should be used in hyphema, and if the
tension does not fall to 25 mm. Hg in six
hours after hypotensive therapy, the eye
should be operated on immediately. The re
viewer thinks that most surgeons would
wait two to three days. Moreover, there is
no mention of the use of fibrinolysin which
many have found invaluable in these cases.
While the subtitle of the book is “ Their
Immediate Surgical Management” and sym
pathetic ophthalmia is thereby excluded
from a detailed consideration, the reviewer
would have liked to see some discussion of
this condition and of the indications for
enucleation of an injured eye. In two places
sympathetic ophthalmia is mentioned but
is dismissed as a disease which seldom oc
curs at the present time. Surely this is
owing not only to improved technique but
also to the fact that eyes likely to produce
this dread disease are usually removed
promptly. This curt dismissal o f such a
serious condition may produce a false sense
of security regarding its danger.
It is hoped that some o f these criticisms
will be met in a subsequent edition but in
the meantime the present volume is a good
readable introduction to the subject of
intraocular injuries.
H. R eed
The Winnipeg Clinic,
Winnipeg, Man.

IN T R A V E N O U S
H Y P E R A L IM E N T A 
TIO N . Edited by George S. M. Cowan,
Jr. and Walter L. Scheetz. 225 pp. IIlust. Lea & Febiger, Philadelphia; The
Macmillan Company of Canada Limited,
Toronto, 1972. $13.25.

In the four years since its introduction,
intravenous alimentation has been inte
grated into the routine preoperative and
postoperative care of many hospitals. Ma
terial from the first international con
ference on intravenous alimentation held
in November 1970 forms the substance of
this text.
An absorbing account o f the history of
intravenous alimentation is followed by
18 short chapters, each o f which elabo
rates upon a specific nutritional principle
or therapeutic problem. Many o f these
chapters are actually restatements of
recent key journal articles on the subject.
Most are followed by thought-provoking
discussion and adequate bibliographies.
The text presents both basic therapeu
tic techniques for the novice and more
advanced physiologic information for
those with experience in the field. It
deserves a place on the bookshelf o f any
physician caring for critically ill patients.

J. B. F reeman
Department of Surgery,
Royal Victoria Hospital,
Montreal, Que.

A M AN U AL OF RESPIRATORY F A IL 
URE. Tracheostomy, Endotracheal In
tubation and Mechanical Ventilation.
Eli Rush Crews and Leopoldo Lapuerta.
198 pp. Illust. Charles C Thomas, Pub
lisher, Springfield, 111.; McGraw-Hill
Company of Canada, Toronto, 1972.
$14.00.

In this highly involved and specialized
field, whether a book of this type really
has a place is open to question. Because
of its size, very important subjects have
been passed over briefly. The pathophy
siologic changes and the acid-base
changes associated with respiratory fail
ure are at the best o f times extremely
difficult to comprehend and certainly one
has to be exposed to respiratory problems
for a long time before even thinking of
managing such cases without the super
vision o f an expert. Would the practising
physician, having read this book, be en
couraged to feel he was capable o f look
ing after the patient in need of respira
tory assistance? If the answer is “ Yes” ,
then one must condemn its publication.
J. D esmond
Department of Anesthesia,
Toronto General Hospital,
Toronto, Ont.

MODERN M A N A G E M E N T OF M Y ELO 
M ENINGOCELE. Wilton H. Bunch,
Alexander S. Cass, Alan S. Bensman
and Donlin M. Long. 251 pp. Illust. W ar
ren H. Green, Inc., St. Louis, 1972.
$15.00.

With the opening words, “ Myelomeningocele
is the most complex, treatable congenital
abnormality consistent with life” , the
authors set their pace for a comprehensive
review of the management of this most
perplexing problem. Their “preliminary
report” is apparently based on the ex
perience gained in treating 128 children
with myelomeningocele over a 20-year
period. However, to obtain this obscured
figure one has to sift through dogma
and sometimes anecdotal reporting. Con
sequently there are areas of undocumented
enthusiasm or despondency concerning re
sults of treatment which are crying out
for factual support. This is disappointing,
as neurosurgeons everywhere are seeking
philosophic and practical answers to the
many problems which spina bifida cystica
presents. It is unlikely that in this small
series they will find any solutions.
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To the book’s credit, it adheres to a wellplanned formula. Though nicely organized,
the clinical chapters (embryologic, neuro
surgical, urologic and orthopedic) are
hampered by an abundance of poorly re
produced and labelled photographs. In sub
sequent chapters there is appropriate and
adequate coverage of the rehabilitative, in
tellectual and emotional aspects of this
problem. The value of a follow-up spina
bifida clinic is also emphasized. It is these
chapters that lend the book strength since
consideration of the issues they present
will no doubt have great bearing on the
direction our treatment programs will take
in the future.
R. P. H u m p h r e y s
Division of Neurosurgery,
The Hospital for Sick Children,
Toronto, Ont.

PATH OLO GY A N N U A L 1972. Vol. 7.
Series Editor: Sheldon C. Sommers. 426
pp. Illust. Appleton-Century-Crofts, New
York, 1972. Price not stated.

This volume of the “ Pathology Annual”
follows the format of previous numbers
and consists of a group of review articles
by leading specialists dealing with im
portant topics of current interest. There
are three papers dealing with tissue
grafts; the one entitled “ Pathology of
Organ Transplantation in Man” by H. E.
Taylor is particularly good.
The subjects dealt with in the other
papers are diversified and contain much
useful information. They include, among
others, plasma cell myelomatosis, cirrhosis
o f the liver, and endometrial hyperplasia
and carcinoma. The article entitled “ Crys
tals in Pathologic Specimens” by F. B.
Johnson is excellent. This year’s annual
lives up to the high standards reached in
previous years. The book is essential for
pathologists and many of the sections would
also be of interest to both physicians and
surgeons.
M. J. P h illips
Division of Surgical Pathology,
Toronto General Hospital,
Toronto, Ont.

PATH OPHYSIOLOGIE. Ein kurzgefasstes
Lehrbuch in zwei Banden. Edited by
Hans-Erhard Bock. Yol. I. 540 pp. Illust.
Vol. II. 443 pp. Illust. Intercontinental
Medical Book Corp., New York; Georg
Thieme Yerlag, Stuttgart, 1972. DM
15,80 (per volume). $4.85 (approx.).
Paperbound.

Pathophysiology is defined as the physiol
ogy o f disordered function. The book com-;
prises contributions from 32 authors, all
internists. Consequently it has a strong bias
towards internal medicine and biochem
istry. Since a course in pathophysiology is
not usually a part o f the curriculum in a
Canadian medical school, it is interesting
to consider the subjects it sets out to
cover. The first volume reviews infection
(both bacterial and viral), genetics, meta
bolism (nucleic acids, proteins and amino
acids, carbohydrates, fat, water and elec
trolytes, acid-base balance) vitamins, nutri
tion, gastroenterology, liver and biliary
system, pancreas, serum proteins, immunol
ogy and hematology, The second volume
covers cardiology, respiratology, kidneys,
endocrinology, connective tissue, nervous
system and tumours. The individual
chapters are short but well written in a con
cise manner and contain a great deal of
information. The physiology of abnormal
functions as observed in the surgical
specialties is not included.
W. ZlNGG
Research Institute,
The Hospital fo r Sick Children,
Toronto, Ont.

(Continued on Adv. page J*l)

UNIVERSITY OF TORONTO
Faculty of M edicine
DIVISION OF
POSTGRADUATE M EDICAL EDUCATION
The Orthopaedic Division of the
Department of Surgery
and
THE WORKMEN'S COM PENSATION
BOARD ONTARIO
offer
FRACTURES AND ASSO CIATED TRAUMA
April 12th, 13th, 14th, 1973

Theme:
TRAUMA TO THE SPINE
AND SPINAL CORD
FEE — $75.00
International Guest Faculty:
Dr. Robert W. Bailey, Ann Arbor, Michigan
Dr. Henry H. Bohlman, Cleveland, Ohio
Dr. A. G. Hardy, Sheffield, England
Dr. E. Shannon Stauffer, Downey, California
For f u rt h e r in fo rm a tio n

contact:

The Director,
Division of Postgraduate,
Medical Education,
Medical Sciences Building,
UNIVERSITY OF TORONTO,
Toronto M5S 1A8, Ontario.

The Canadian Jo u rn al of S urgery

U0

N O T IC E S
CANADIAN ASSOCIATION
OF PATHOLOGISTS,
CONJOINT ANNUAL MEETING
The conjoint annual meeting of the
Canadian Association of Pathologists,
Canadian Society of Cytology, Canadian
Association of Medical Microbiologists,
the Pacific Northwest Society of Pa
thologists and the British Columbia
Association of Pathologists, will be held
in Vancouver, British Columbia from
June 24 to 27, 1973. For further infor
mation apply to: Dr. A. E. W. Trites,
Chairman, Program and Local Arran
gements, Department of Pathology,
Shaughnessy Hospital, 30th and Laurel
Streets, Vancouver 9, B.C.

Centre, 16 Lange Voorhout, The Hague,
The Netherlands.
INTERNATIONAL CONGRESS
ON SURGICAL CARE,
DUBLIN, IRELAND

To mark the bicentenary of Abraham
Colles, an international conference will
be held in Dublin, Ireland, from May 2
to 4, 1973. Its theme will be “Surgical
Care 1973”. The subjects to be discussed
will cover the whole range of basic prob
lems associated with trauma and surge
ry and the application of advances in
research to their management.
The assessment of the severely tra u 
matized patient as a result of either
injury or surgery will be studied in
depth under the headings of “Shock”
and “Metabolic Response”. Problems
INTERNATIONAL ORTHOPEDIC
of
intensive care and monitoring will
CONGRESS IN ROTTERDAM
be dealt with in detail. Other sessions
Recent advances in basic research will cover the complications of surgery
and clinical aspects of the knee joint and their prevention, and the subjects
will be the general themes of an inter covered will include thromboembolism,
national congress to be held from Sep renal failure, liver failure and salvage
tember 13 to 15, 1973 in the buildings of limbs and organs.
The international speakers who have
of the Medical Faculty of Rotterdam,
Holland on the occasion of the 75th an been selected to address the meeting are
niversary of the Dutch Orthopaedic all experts in their own particular
fields. They include Professor Lloyd
Association.
MacLean of Montreal. Professors W ar
About 50 specialists will discuss the ren and Shires of the U.S.A., Professor
main topics, namely transplantation of Boijsen of Sweden, Mr. A. W. Beasley
cartilage and bone, traum a of the knee of New Zealand, Sir Donald Douglas
joint, degenerative diseases and con of Edinburgh, Professor Drew Kay and
genital deformities. Recent films will Mr. I. McA. Ledingham of Glasgow,
be presented and technical and scien Professor Johnson of Newcastle-Upontific exhibitions will be held in the Tyne, Mr. J. Robb of Belfast and from
same buildings.
London such experts as Professors
It is expected th at about 400 partici Melrose, Williams and Kakkar. These
pants from all over the world will at speakers will be supported by a large
tend this meeting.
number of contributors and research
The organizing committee is presided workers from Ireland and abroad who
over by Professor B. van Linge of Rot will be presenting data on new develop
terdam Medical Faculty; Dr. E. E. M. J. ments in the field of “Surgical Care”.
Veraart, orthopedic surgeon at Arnhem,
For further information contact the
Netherlands, is acting secretary. Fur Secretary, Abraham Colles Bicentenary
ther information is available from the Conference, IMA Conference Centre, 10
secretariat, c/o Holland Organizing Fitzwilliam Place, Dublin 2, Ireland.
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PLASTIC AND RECONSTRUCTIVE SUR
GERY OF THE FACE AND NECK.
Proceedings of the First International
Symposium. Edited by John Conley and
John T. Dickinson. Volume 1: Aesthetic
Surgery. 252 pp. Illust. Volume 2: Re
habilitative Surgery. 368 pp. Illust.
George Thieme Verlag, Stuttgart; Grune
& Stratton, Inc., New York, 1972. $54.00.
These two volumes consist o f a selection
from 360 papers presented at the first
International Symposium arranged by the
American Academy of Facial, Plastic and
Reconstructive Surgery on the subject of
plastic and reconstructive surgery o f the
face and neck held in New York in 1970.
The first volume is devoted to cosmetic
surgery. The papers vary in quality. There
is no attempt to supply a complete discussion
o f any subject. Each author presents tech
niques that improve his own results. Not
all papers show photographs of procedures
or even results. There is imbalance in the
space allotted to the various subjets— 80
pages are devoted to rhinoplasty, 20 pages
to meloplasty. Consideration of congenital
deformities is limited to a few papers on
palate and mandibular prognathism.
The second volume is a miscellany of
papers dealing with reconstruction after
trauma, burns and operations for cancer.

oxyphenbutazone

G-2?25-71

Some subjects, such as temporomandibular
ankylosis, are presented in both volumes.
There is no discussion o f the newer concepts
of facial osteotomies. Few papers have
long-term follow-up results or a comparison
of the results with those from other modes
of treatment.
This work would be confusing and mis
leading for residents or newly qualified
surgeons. It may prove useful for the
experienced surgeon who wishes to widen
the variety o f his techniques or who wishes
information on methods used by some of
the lesser-known men in this field.
I. R. Munro
Department o f Surgery,
The Hospital for Sick Children,
Toronto, Ont.

PRACTICE OF SURGERY: CURRENT
REVIEW. Volume I. Walter F. Ballinger
and Theodore Drapanas. 321 pp. Illust.
The C. V. Mosby Company, St. Louis,
1972. $23.50.
The stated purpose o f this volume is to
present a series of well-organized reviews
on timely topics. Each review is done by
an expert in the field and is aimed at the
surgeon who has difficulty keeping up with
the literature on a journal-to-journal basis.
(Continued on Adv. page U5)

Full information is available
on request

Geigy Pharmaceuticals
Montreal 308, P.Q.
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THE CANADIAN JOURNAL OF SURGERY
All communications concerning this journal
should he marked “’The Canadian Journal of
Surgery” and addressed to the Editor, P.O.
Box 8650, Ottawa, Ontario K1G 0G8.
The Journal is published bi-monthly. Sub
scription is $15 per year ($7.50 per year for
trainees in surgery) and starts with the Janu
ary issue of each year. Single copies are $2.50
each, payable in advance.
IN STR U CTIO N S TO CO NTRIBUTORS
M anuscripts
Manuscripts in duplicate of original articles,
case reports, and other contributions should
be forwarded with a covering letter re
questing consideration for publication in
T he C anadian Journal o f Surgery. Accept
ance is subject to the understanding that
they are submitted solely to this Journal,
and will not be reprinted without the con
sent of the author and the publishers. Ac
ceptance or rejection of contributions will
be determined by the Editorial Board. As
space is available, a limited number of case
reports will be published. Articles should
be typed on one side only of unruled paper,
double-spaced and with wide margins. The
author should always retain a carbon copy
of material submitted. Every article should
contain a summary of the contents. The
Concise Oxford Dictionary will be followed
for spelling. Dorland’s Illustrated Medical
Dictionary will be followed for scientific
terminology. The Editorial Board reserves
the right to make the usual editorial changes
in manuscripts, including such changes as
are necessary to ensure correctness of gram
mar and spelling, clarification of obscurities
or conformity with the style of T he C ana
dian Jou rn al o f Surgery. In no case will
major changes be made without prior con
sultation with the author. Authors will
receive galley proofs of articles before pub
lication and are asked to confine altera
tions of such proofs to a minimum.

ft

Reprints
Reprints may be ordered on a form which
will be supplied with galley proofs. It is
important to order these before publication
of the article, otherwise an extra charge
for additional type-setting will be made.

R eferen ces
References should be referred to by numer
als in the text. They should include in
order: the author’s name and initials in capi
tals, title of the article, abbreviated journal
name, volume number, page number and
year. The abbreviations of journal names
should be those used in Index M edicus.
References to books should include in order:
author’s name and initials, title of book,
number of edition (e.g. second ed.), city
of publication, title of publishing house,
year of publication, page number if a
specific reference. For examples, see this
journal January 1971 issue onwards.
Illustrations
A reasonable number of black-and-white
illustrations will be reproduced free with
the articles. Colour work can be published
only at the author’s expense. Photographs
should be glossy prints, unmounted and
untrimmed, preferably not larger than 8"
x 6 ". Prints of radiographs are required
and not th e originals. The magnification of
photomicrographs must always be given.
Photographs must not be written on or
typed on. An identifying legend may be
attached to the back. Patients must not be
recognizable in illustrations unless the
written consent of the subject for publica
tion has been obtained. Graphs and dia
grams should be drawn in India ink on
suitable white paper. Lettering should be
sufficiently large that after reduction to
fit the size of the Journal page it can still
be read. Legends to all illustrations should
be typed separately from the text and sub
mitted on a separate sheet of paper. Illustra
tions should not be rolled or folded.
L an guage
It should be clearly understood that con
tributors are at full liberty to submit articles
in either English or French, as they please.
Acceptance will be quite independent of
the language of submission. If the contri
butor wishes, he may submit an informative
summary of not more than 300 words in
the language other than that in which he has
submitted the article. For example, an ar
ticle in English must carry an English sum
mary and may, if the author wishes, carry
a more detailed summary in French.
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(Continued from Adv. page U1)

Eighteen subjects are dealt with and the
various authors succeed to varying degrees
in reaching the declared goal. The chapter
on hiatus hernia by Theodore Drapanas is
almost worth the price o f the volume by
itself. Others which are worth while are
on burn wound sepsis, monitoring the
critically ill, ventilatory failure and radio
immunoassays of gastrin. Unfortunately
some of the contributions read more like a
chapter in a standard textbook and do not
belong in this particular book. The sections
on breast carcinoma and parathyroid sur
gery are in this category.
In summary this is a well-written ade
quately illustrated book which will un
doubtedly accomplish its stated purpose.
O. G. T hurston
University of Alberta Hospital,

Edmonton, Alta.

PROCEEDINGS OF THE NINTH CANA
DIAN CANCER RESEARCH CONFER
ENCE. Honey Harbour, Ontario, 1971.
Edited by P. G. Scholefield. 239 pp.
Illust. University of Toronto Press, To
ronto and Buffalo, 1972. $20.00.
This work is a collection o f the papers
presented by representatives of both basic
science and clinical disciplines on the ap
proaches to the varying aspects of advances
in the knowledge and management of
cancer. It comprises five main sections:
Environment and Cancer, Chromosome
Structure and Somatic Cell Genetics, An
tigenic and Functional Properties o f Cell
Surfaces, Tumor Viruses and, finally,
Present Problems in Cancer Treatment.
For anyone who wishes to be informed of
current thinking in these areas an up-todate discussion is provided.
Discussion o f envi^nmental problems
covers pesticides, internal environments
and the development o f cancer as well as
questions o f geographical distribution,
laboratory investigations o f environmental
carcinogens and the role of the Food and
Drug Directorate in ensuring protection.
The description of chromosome structure
and somatic cell genetics is up-to-date and
includes an account of mutants of somatic
cells and somatic cell hybridization.
Current concepts regarding the influence
of the structure of cell membranes together
with a discussion of virus antigenic effects
will be of interest to the basic scientist.
The section on current problems in cancer
treatment gives consideration to surgical
and radiologic aspects and certain areas
of chemotherapy.
This symposium represents an interdis
ciplinary attempt to solve the various

A6

aspects of the cancer problem and can be
recommended to those who want an account
of the various approaches now being used.
J. B. L ittlefield
Department o f Surgery,
Memorial University of Newfoundland,
St. John’s, Nfld.
SCAR TISSUE. ITS USE A N D ABUSE.
The Surgical Correction of Deforma
tion Due to Hypertrophic Scar and the
Prevention of Its Formation, J. J. Longacre. 170 pp. Illust. Charles C Thomas,
Publisher, Springfield, 111.; McGrawHill Ryerson Limited, Toronto, 1972.
$18.50.

This book presents the accumulation of 30
years’ experience and observation by one
man. The approach is simplistic in concept.
The author is concerned only with hyper
trophic scarring and contractures produced
by burns. The introductory chapters concern
the embryology and histology o f skin and
are of no value at all. They are followed
by a brief discussion of wounds and the
pathogenesis of hypertrophic scar. They
contribute little to the understanding of the
problem.
Ninety-five pages are devoted to photo
graphs of patients and show the results of
treatment either by utilizing z-plasty within
the burn scar, or release of contractures by
skin grafts or pedicle flaps. The preopera
tive and postoperative photographs are
taken under different lighting which in
many cases enhances the so-called “ ideal”
results.
Two chapters by Dr. H. K. Berry on
collagen metabolism and biomechanical
studies of hypertrophic scarring do at least
approach the problem on a more realistic
and scientific level.
In view o f the other currently available
books on the subject this book will con
tribute little either to the student or to
the practising surgeon concerned with the
problems of burn scarring.
I. R. Munro
Department of Surgery,
The Hospital for Sick Children,
Toronto, Ont.
T H E SCIENTIFIC F U N D A M EN T AL S OF
SURG ERY. J. Gwynne Brockis. 719 pp.
Illust. Butterworth & Co (Canada) Ltd.,
Toronto; Butterworth & Co. (Publish
ers) Ltd., London, 1972. $38.50.

In 700 pages this book attempts to set forth
a large body of scientific information which
forms the background in the understanding
o f several surgical subjects. The organiza
tion is similar to that o f the larger text

The Canadian Journal of Surgery

books that cover both clinical and theo
retical aspects of surgery; however, it con
centrates chiefly upon the application of
physiologic data to the mechanism of
disease. A small amount of elementary
anatomy is included to remind the reader
of the geography of the area under dis
cussion.
Some of the subjects are researched in
depth, the depth depending on the amount
of available reference material. Others are
given more scanty treatment. Nevertheless
the review is up-to-date and the references
to important reviews in the literature are
complete. The items in the bibliographies
range from 40 to some 200 or so references,
and the names of important authors are
emphasized in the text so that some value
or weighting is assigned to the outstanding
reviews on each subject being discussed.
It is obvious that such a book will be an
invaluable starting point from which a
resident or practising surgeon may com
mence research on a special subject. The
coverage of any individual subject is not in
sufficient depth to make this a prime learn
ing resource. However, since the author
does not make such a claim, this judgment
is not a severe criticism. The book is small
and healthily purged of unnecessary photo
graphs and irrelevant diagrams. It is re
commended for most surgical libraries and
to anyone who wishes to undertake serious
study of surgical subjects he has not pre
viously covered.
C. B. Mueller
McMaster University Medical Centre,
Hamilton, Ont.
SURGERY OF TH E ELBOW . 2nd ed.
Frederick M. Smith. 340 pp. Illust. W .
B. Saunders Company, Philadelphia; W .
B. Saunders Company Canada Limited,
Toronto, 1972. $14.45.

The first edition of this book, published in
1954, served a useful purpose in collecting
material relating to the elbow joint in one
volume. This second edition has not con
tributed much that is new or helpful on
the subject. It is not a book to be recom
mended to students other than to recall
what was thought about these problems
many years ago. There are many deficiencies
in the book— mostly failure to present cur
rent or even recent views on many subjects.
The sections on fracture healing are
very elementary. The discussion of physical
examination and measurements uses old
terminology. Volkmann’s ischemic contrac
ture is dealt with by an old method without
any of the more recent views on the man
agement o f the established case. Nerve
entrapment is barely mentioned. Tennis
elbow is discussed very briefly and with-
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out reference to any of the views expressed
in the past decade. Rheumatoid arthritis
is covered in one page without mention of
synovectomy; the management is directed
only to the treatment of bilateral ankylosis
of the elbow.
In surveying the bibliography it is noted
that extremely few references are more
recent than 20 years and all are listed at
the end of the volume without any allusion
to them through the text.
In conclusion, one cannot recommend this
book to students of surgery at any level,
despite the rather attractive price of
$14.45.
F. P. P atterson
Department of Surgery,
Vancouver General Hospital,
Vancouver, B.C.

ULTRASTRUCTURE OF BONE AND
JOINT DISEASES. Kazushi Hirohata
and Kazuo Morimoto. 339 pp. Illust.
Igaku Shoin Ltd., Tokyo, 1971; Grune
& Stratton, Inc., New York; Longman
Canada Limited, Toronto, 1972. $40.25.

This monograph deals with a large number
of different conditions affecting bones and
joints. It consists almost entirely of elec
tron photomicrographs which are supported

by a small amount o f text, adequately pre
sented. The illustrations are of excellent
quality.
The first part deals with ultrastructure
in health, the second part with ultrastruc
ture in disease, including diseases o f syno
vial joints, diseases and tumours of para
articular tissue, diseases and tumours of
muscle and tumours and tumorous condi
tions of bone. The information set forth in
this excellent volume will be o f considerable
interest to pathologists, rheumatologists,
workers in the field o f rehabilitation medi
cine and to orthopedic surgeons. It will
be of special help to postgraduate students
in all these fields of medicine. Numerous
references are appended to each section.
This monograph should be available in
the libraries of all medical colleges and
all departments of pathology, rheumatology
and orthopedic surgery for the use o f con
sultants and of postgraduate students. Some
basic scientists and practising clinicians
who have a special interest in the ultra
structure of bone and joints will wish to
have it in their own libraries. The volume is
recommended most highly.
W . H. K ir k a l d y -W il l is
Department of Surgery (Orthopedic),
University Hospital,
Saskatoon, Sask.
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• Designed for clinical O.R.
or cath lab use
• Easily applied handletype probe
• Patient safety assured
through isolation circuitry
• Simple to operate minimum controls - direct
meter readout in milliliters
per minute

Biotronex Laboratory has eliminated
the guesswork in evaluating the effective
ness o f an aorto-coronary vein bypass.
The B L -6 0 3 Clinical Blood Flow m eter
provides a simple, yet effective method
o f determining graft patency p rio r to
surgical closure.
The B L-60 3 is not a new instrument;
it is simply an extension o f a device
which has been thoroughly proven in
hundreds o f research applications
throughout the world. It is depend
able; designed to highest safety
standards; simple in operation; precise
in measurement - a complement to
modern day cardio-vascular surgery.

B iotrone x La b o ra to ry, Inc.
915 3 Brookville Road

Silver Spring, Maryland 2 0910

Phone: 301/588-6400
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